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(57) Abstract: Apparatus and methods are 
provided for fonning a gastrointestinal tissue 
fold by engaging tissue at a first tissue contact 
point and moving the first tissue contact 
point fix>m a position initially distal to. or in 
line with, a second tissue contact point to a 
position proximal of the second contact point, 
thereby fonning the tissue fold, and extending 
an anchor assembly through the tissue fold 
from a vicinity of the second tissue contact 
point. Adjustable anchor assemblies; as well as 
anchor delivery systems, shape -lockable guides 
and methods for endolunu'nally performing 
medical procedures, such as gastric reduction, 
treatment of gastroesophageal reflux disease, 
resection of lesions, and treatment of bleeding 
sites; are also provided. 
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APPARATUS AND METHODS FOR FOItMING AND 

SECURING GASTROINTESTINAL TISSUE FOLDS 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Inveation^ The present invention relates to m^ods and 
apparatus for intralnniinally forming and securing gastrointestinal ("GI") tissue folds. 
More particularly, the present invention relates to methods and ^paratus for reducing the 
effective cross-sectional area of a gastrointestinal lumen. 

[0002] Morbid obesity is a serious medical condition pervasive in the United States and 
other countries. Its complications include hypertension, diabetes, coronary artery disease, 
stroke, congestive heart fidlure, multiple orthopedic problons and pulmonary insufiBdency 
with markedly decreased life expectancy. 

[0003] Several surgical techniques have been developed to treat morbid obesity, e.g., 
bypassing an absorptive surface of the small intestine, or reducing the stomach size. 
These procedures are difficult to perform in morbidly obese patients because it is often 
difficult to gain access to the digestive organs. In particular, the layers of fat encoimtered 
in morbidly obese pati^ts make difficult direct exposure of the digestive organs with a 
wound retractor, and standard laparoscopic trocars may be of inadequate length. 

[0004] In addition, previously loiown op^ surgical procedures may ]nresent numerous 
life-tiireat^ung post-oparative complications, and may cause atypical diarrhea, electrolytic 
imbalance, unpredictable weight loss and reflux of nutritious diyme proximal to the site of 
tiie anastomosis. Further, the sutures or stales that are often used in these surgical 
procedures may require extensive training by the clinician to achieve competent use, and 
may concentrate significant force over a small surfece area of the tissue, thereby 
potentially causing the suture or staple to tear through the tissue. 

[0005] The gastrointestinal lumen includes four tissue layers, wherein the mucosa layer 
is file top tissue layer followed by connective tissue, the muscularis layer and the s^osa 
layer. One problem with conventional gastrointestinal reduction systems is that the 
andiors (or staples) must ragage at least tiie muscularis tissue layer in order to provide a 
proper foundation. In other words, the mucosa and connective tissue layers typically are 
not strong enough to sustain the tensile loads imposed by normal movement of the 
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Stomach wall during ingestion and processing of food. In particular, these layers tend to 
stretch elastically rather than firmly hold the anchors (or staples) in position, and 
accordingly, the more rigid muscularis and/or serosa layer must be «igaged. This problem 
of capturing the muscularis or serosa layers becomes particularly acute where it is desired 
5 to place an anchor or other apparatus transesophageally rather than intraoperatively, since 
care must be taken in piercing the tough stomach wall not to inadvertentiy puncture 
adjacmt tissue or organs. 

[0006] In view of the aforementioned limitations, it would be desirable to provide 
methods and q>paratus for forming gastrointestiiud tissue folds tiiat achieve gastric 
10 reduction by reconfiguring the GI lumen of a patient 

[0007] It would be desirable to provide m^ods and apparatus for forming 
gastrointestinal tissue folds using anchors that can be reconfigured fi:om a reduced 
delivery profile to an ^panded deployed profile. 

[0008] It also would be desirable to provide methods and apparatus for forming 
1 5 gastrointestinal tissue folds, wherein an anchor assembly is extmded across stomadi folds 
that include tiie muscularis and serosa tissue laym. 

[0009] It fiirther would be desirable to provide methods and apparatus for forming 
^trointestinal tissue folds, wherein the anchor assmibly is deployed in a marm^ that 
reduces a possibility of iiyuring nei^boring organs. 

20 [0010] It still fiirther would be desirable to provide methods and ^paratus for forming 
gastrointestinal tissue folds, wherein reduced training of a clinician is required to achieve 
competent use of fhc anchor ass^bly. 

[0011] It would be desirable to provide m^ods and £q>paratus for forming 
gastrointestinal tissue folds that &cilitate approximation of a plurality of tissue folds. 

25 BRIEF SUNDVIARY OF THE INVENTION 

[0012] In view of the foregoing, it is an object of the present invention to provide 
methods and apparatus for forming gastrointestinal tissue folds that achieve gastric 
reduction by reconfiguring the GI lumm of a patient 
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[0013] It is another object of the laresent invmtioii to provide methods and apparatus for 
fonning gastrointestinal tissue folds using anchors that can be reconfigured fiom a reduced 
deUvery profile to an expanded d^loyed profile. 

[0014] It is an additional object of tfiis invention to provide methods and apparatus for 
5 fonning gastrointestinal tissue folds in which an anchor assCTibly is extended across 
stomach folds that include the miiscularis and serosa tissue layers. 

[0015] It is a fiirther object of the present invration to provide methods and apparatus 
for forming gastrointestinal tissue folds, wherdn the anchor assembly is dq)loyed in a 
manner that reduces a possibility of injuring nd^boring organs. 

1 0 [0016] It is yet another object to provide m^faods and s^paratus for fonning 

gastrointestinal tissue folds, whmin reduced training of a dinidan is required to adueve 
competent use of the anchor assembly. 

[0017] It is an object to provide methods and ^aratus for forming gastrointestinal 
tissue folds that feciUtate approximation of a plurality of tissue folds. 

1 S [0018] These and ofii^ objects of the preset invention are accomplished by providing a 
catheter configured for advancemmt into a patienf s gastrointestinal lumen to form a 
gastrointestinal tissue fold. In one preferred embodim^t, the cafh^er has a distal region 
including a tissue grabbing assembly adapted to mgjxge and/or streteh a porticm of flie 
tissue wall offheGI lumen at a first tissue contact point A second tissue contact point is 

20 then established with the tissue wall at a location initially proximal of, or in line with, the 
first tissue contact point The tissue ragaged by the tissue grabbing assembly thai is 
moved to a position proximal of the second tissue contact point to form a tissue fold, and 
one or more anchor assemblies may be delivered across the tissue fold. Preferably, 
delivery of ttie anchor assembly across the tissue fold includes delivering the anchor 

25 assembly across tiie muscularis and sorosa layets of the tissue wall. 

[0019] Optionally, a third tissue contact point may be established at another location 
initially proximal of, or in line witii, the first tissue contact point Upon movement of the 
tissue engaged by the tissue grabbing assembly to a position proximal of both tihe second 
and third tissue contact points, a tissue fold is formed with the second and third contact 
30 points on opposing sides of the fold. The third contact point may provide backside 
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Stabilization upon delivery of the anchor ass«nbly aoross the tissue fold from a vicinity of 
the second tissue contact point. 

[0020] In a preferred embodiment, the tissue grabbing assembly is carried on a first 
flexible tube associated with the distal re^on of the cath^o:, and flie one or more anchor 

5 assemblies are delivered by an anchor delivery syston disposed within a second flexible 
tube associated with the distal re^on of the catheter. The tissue grabbing assanbly may 
comprise any of a number of niechanisms configured to mgage the tissue wall, including a 
pair of jaws configured to move betweai open and closed positions, a plurality of linearly 
h^nalfttiTig baibs, a coil screw, or one or more needles or hooks. The first tissue contact 

10 point may be moved fiom a tissue engagemmt position distal to, or in line with, the 
second t^sue contact point, to flie tissue folding position by any of a number of 
mechanisms, including a hinge assembly, a treadmill assanbly, or a linear pull assembly. 

[0021] More preferably, the distal region of the catheter includes a bendable section that . 
permits the first tissue contact point to be positioned relative to the second tissue contact 
1 5 point so that the tissue fold is oriented substantially perpmdicular to the anchor deliv^ 
system. In tins maimer,ihe anchor delivery system, wh«i dq)loy6d, pierces the tissue fold 
and exits into the interior of the GI htmen, rather than the exterior of the tissue wall, 
th^by reducing a risk of injury to adjacent organs. 

[0022] The anchor assembly delivery system of the present invention preferably 
20 comprises a needle or obturator adapted to pierce the tissue fold and deliver an andtior 

assembly. In one preferred embodimoit, the anchor assanbly comprises a pair of rod-like 
anchors that are delivered through a needle in a reduced delivery profile, wherein the 
longitudinal axis of the rods is substantially paralld to the longitudinal axis of the needle. 
Once ejected fix)m the needle, the rods rotate about 90 degrees to engage flie tissue. In 
25 other embodiments, the anchor assembly may comprise anchors of various shapes 
delivered, for example, over the exterior of an obturator. 

[0023] In a preferred embodiment of the pres^it invaition, the catheter is adapted to 
form a plurality of gastrointestinal tissue folds that may be approximated Optionally, an 
anchor assembly may be placed across each tissue fold, and the plurality of tissue folds 
30 then may be approximated by cinching the plurality of anchor assemblies together. 

Alternatively/ an anchor assembly may be placed across a plurality of tissue folds, and the 
plurality of tissue folds may be approximated by cinching the anchor assembly. As yet 
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another alternative, a plurality of tissue folds may be approximated prior to placem^t of 
an andbior assembly. One or more anchor assraiblies then may be placed aoDSS the 
appTDximated plurality of tissue folds to secure the plurality in the approximated position. 
Multiple pluralities of tissue folds may be joined togeth^ and/or approximated in order to 
5 parjform a procedure, for example, a gastric reduction or treatmmt of gastroesophageal 
reaxix disease ("GERD"). 

[0O24] To fedlitate propo- positioning, as well as visualization, of the tools and 
instruments of the present invention at a treatmrat site within a tortuous hsmm or within 
ui^iedictably supported anatomy, a shiq>e-lockable guide may be provided having a 
10 flexible state and reversibly rigidizable state. This guide may comprise an overtube 
through whidi instruments of the present invention, as well as an endoscope, may be 
advanced. As described hereinafter, exanplary procedures achievable when using tools of 
the present invention in conjunction with an endoscope include, for example, endoluminal 
gastric reduction and endoluminal treatment of GERD. 

15 (0O25] Mettiods of using the apparatus of the present invention also are piovided. 

BRffiF DESCRIPTION OF THE DRAWINGS 
[0O26] The above and other objects and advantages of the present invention will be 
apparent \spon consideration of the following detailed description, takm in on junction 
wifh file accompanying drawings, in which like referoice diaracters ref^ to like parts 
20 throughout, and in which: 

[0O27] FIGS. lA and IB are, respectively, a side view and detail view of apparatus of 
the present invration for forming a gastrointestinal fold in accordance with the principles 
of the preset invCTtion* 

[0O28] FIGS. 2A and 2B are side-sectional views of a tissue grabbmg assonbly suitable 
25 for use with tihe apparatus of FIGS. 1. 

(0O29] FIGS. 3A-3E are side views illustrating a method of usmg the apparatus of FIGS. 
1 to form a gastrointestinal fold. 

[0O30] FIGS. 4A-4C are side-sectional views of an andior assembly and delivery system 
suitable for use with 2q>paratus of the present invention. 
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10031] FIGS. 5 A and 5B are side-sectional views of anotiier anchor assembly suitable 
for use with apparatus of the present invention. 

(00321 FIGS. 6A and 6B are side-sectional views of another alternative anchor assembly 
siutable for use with apparatus of the present invention. 

5 10033] FIGS. 7A-7C are, respectively, a schematic side-sectional view of a 

unidirectionally adjustable andior assembly suitable for use with j^paratus of the present 
invention, schematic side-sectional views of alternative techniques for fixing the distal 
anchor of the assembly, and a cross-sectional view of the proximal anchor taken along 
section line A— A of FIG. 7A. 

10 [0034] FIGS. 8A and 8B are sdimatic cross-sectional views illustrating the 
unidirectional adjustment capability of the andior assembly of FIGS. 7. 

10035] FIGS. 9A-9C are schematic cross-sectional views of alternative embodhnents of 
the proximal anchor of the anchor assembly of FIGS. 7. 

[0036] FIGS. IDA and lOB are schematic oDss-sectional views of an alternative 
1 5 unidirectionally adjustable anchor assembly suitable for use with apparatus of the {Mresent 
invention. 

[0037] FIGS. 1 1 A-1 IC are, respectively, a schanatic side-view of another alternative 
unidirectionally adjustable anchor assembly suitable for use with the presmt invention, 
and ax)ss-sectional views of the same taken along section line B— B of FIG. 1 1 A. 

2Q [0038] FIG« 12 is a schematic cross-sectional view of an altffliative unidirectionally 
adjustable anchor assembly comprismg pivoting paddles. 

[0039] FIG. 13 is a sch^atic cross-sectional view of an alt^native unidirectionally 
adjustable anchor assembly comprising spring material. 

[0040] FIGS. 14A-14B are schOTiatic side-sectional views or alternative unidirectionally ' 
25 adjustable anchor assemblies comprising one-way valves. 

[0041] FIGS. 15A-15C are side-sectional and detail views of alternative unidirectionally 
adjustable anchor assemblies comprising slipknots. 
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[0042] FIGS. 1 6A-1 6C are, respectively, a schematic side-sectional view of a bi- 
directionally adjustable anchor assembly comprising a locking mechanism, and cross- 
sectional views of the same takm along section line C-C of FIG. 16A. 

(0043] FIGS. 17A-17D are pmpective views of altOTiative anchors suitable for use witii 
5 the andior assemblies of the preset invention. 

[0044] FIGS. 18A-18D are side views of alternative apparatus for forming a 
gastrointestinal fold. 

[0045] FIG. 19 is a (^oss-sectional view of flie apparatus of FIGS. 18A-18D. 

[0046] FIGS. 20A-20D are side views of further alternative apparatus for forming a 
1 0 gastrointestinal tissue fold in accordance with the principles of the present invention. 

[0047] FIGS. 21 A-21G are schematic side-sectional views of an anchor delivery system 
adapted for use with the adjustable andior assembUes of FIGS. 7-17, illustrating a method 
of delivering the unidirectionally adjustable andior assembly of FIGS. 7 across a tissue 
fold 

1 5 [0048] FIGS. 22 A and 22B are, respectively, a sdiematic side-view, partially in section, 
and an end-view of an alternative anchor delivery system adapted for use with the 
adjustable andior assanblies of FIGS. 7-17, wh^ein the proximal andior is disposed 
"within a sq>arate ddivery tube. 

[0049] FIG. 23 is a schematic side-sectional view of an alternative anchor delivery 
20 systan adapted for use with the adjustable anchor assemblies of FIGS. 7-17, wherein bofli 
tiie proximal and distal anchors are loaded witiun tiie needle. 

[0050] FIG. 24 is a sch»iatic side-sectional view of an altmiative onbodim^t of the 
andior delivery system of FIG. 23 comprising motion limitation apparatus. 

[0051] FIG. 25 is a schanatic side view, partially in section of an alternative anchor 
25 delivery system adapted to deliver a plurality of anchor assemblies. 

[0052] FIG. 26 is a sdiematic side view of an alternative embodiment of the anchor 
deUvery system of FIG. 25. 
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[0053] FIGS. 27A and 27B are, respectively, schematic isometric and side views, 
partially in section, of an alternative anchor delivery system adapted to deliver a plurality 
of anchor assemblies via a revolver. 

[0054] FIGS. 28A and 28B are side views of an alternative embodiment of the apparatus 
5 of FIGS. 20 illustrating a method for simultaneously forming and approximating miiltiple 
gastrointestinal tissue folds. 

[0055] FIG. 29 is an isometric view of an alternative embodim^t of the apparatus of 
FIGS . 1 for forming a gastrointestinal tissue fold comprising backside stabilization. 

[0056] FIGS. 30A-30E are a side view, partially in section, and isometric views 
10 illustrating a method of using the £q)paratus of FIG. 29 to form a backside stabilized 
gastrointestinal tissue fold. 

[0057] FIGS. 3 1 A-3 1 C are side views of ftirther alternative tissue folding apparatus 
illustrating a method for forming a gastrointestinal tissue fold via a Unear displacement of 
tissue. 

15 [0058] FIG. 32 is a side view of an alternative embodiment of the ^paratus of FIG. 31 
providing enhanced fleKibility. 

[0059] FIGS. 33 A and 33B are side views of furtha: alternative front and backside 
stabilized linear displacement plication apparatus, illustrating a method for forming a 
gastrointestinal tissue fold. 

20 [0060] FIGS. 34A and 34B are, respectivdy, a side view and a side view, partially in 
section, of still further altmiative i^paratus iUustrating a metix)d for forming a stabilized 
gastrointestinal tissue fold via a braided mesh. 

[0061] FIG. 35 is a side view of illustrative sh^e-lockable apparatus for tise with the 
tissue folding and anchor delivery s^aratus of the present invention. 

25 [0062] FIG. 36 is a ^de-sectional exploded view of nestable elements of a first 

embodiment of an overtube suitable for use with flie shape-lockable apparatus of FIG. 35. 

[0063] FIG. 37 is a side-sectional view of a distal re^on of the apparatus of FIG. 35 
constructed in accordance with principles of the present invention. 
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10064] FIG. 38 is a side-sectional view of an illustrative arrangement of a mechanism 
suitable for use in the handle of the apparatus of FIG. 35. 

[0065] FIG. 39 is a side-sectional view of flie detail of a wire clamping systan suitable 
for use in the handle of FIG, 35. 

5 [0066] FIGS. 40A-40D are side-views, partially in section, illustrating an exemplary 
method of performing endolmninal gastric reduction with a syst«n of tools illustratively 
comprising the shape-lockable apparatus of FIGS. 35-39, the plication apparatus of FIGS. 
1-3, the anchor assembly of FIGS. 7, the anchor delivery system of FIGS. 21 and a 
conmierdally available gastrosoope. 

10 [00671 FIGS. 41 A-41C are, respectively, an isometric view of a patient's stomadi after 
performing mdoluminal gastric reduction using ttie methods of FIG. 40; a cross-sectional 
view of the same along plane A— A in FIG. 41 A; and a cross-sectional view of the stomach 
along plane B— B in FIG. 41 A, prior to approximation of the pluralities of tissue folds to 
achieve the gastric reduction. 

1 5 [0068] FIGS. 42A-42C are sid^views, partidly in section, illustrating an ex^nplary 
method of treating gastroesophageal reflux disease vnUx the illustrative system of tools 
desCTibed with respect to FIGS. 40. 

[0069] FIGS. 43A and 43B are side-views, partially in section, illustrating an altOTiative 
me&od of performing endoluminal gastric reduction utilizing a system of tools of the 
20 present invention. 

[0070] FIG. 44 is a side view, partially in section, illustrating a method of resecting a 
lesion or early cancer utili^g a system of tools of the present invention illustratively 
comprising a suction q>plicator and a resection loop. 

[0071] FIG. 45 is a side view, partially in se(^on, illustrating a method of treating a 
25 bleeding site utilizing a system of tools of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0072] In accordance witti the principles of the present invention, methods and apparatus 
are provided for intraluminally forming and securing gastrointestinal ("GI") tissue folds, 
for exaicqple, to reduce the effective oross-sectional area of a GI lumen. These methods 
30 and apparatus may be used to treat obesity by apptOTdmsting the walls of a gastrointestinal 
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lumen to narrow the lumen, thus reducmg the area for absorption in the stomach or 
intestines. More particularly, the preset invention involves endoscopic apparatus that 
engages a tissue wall of the gastrointestinal lumen, creates one or more tissue folds and 
disposes one or more anchor assemblies through the tissue fold(s). Preferably, the anchor 
5 assembUes are disposed through the muscularis and/or serosa layers of the gastrointestinal 
lumen. In operation, a distal tip of the prohe engages the tissue and then moves the 
aigaged tissue to a proximal position relative to the catheter tip, thereby providing a 
substantially uniform plication of predetermined size. 

(00731 Formation of a tissue fold preferably is accomplished using at least two tissue 
10 contact points fliat are sepamted by a linear or curvilinear distance, whorein tihe separation 
distance between the tissue contact points affects tibie Imgtfa and/or depth of the fold, hi 
operation^ a tissue grabbing assembly engages the tissue wall in its normal state (i.e., non- 
folded and substantially flat), thus providing a first tissue contact point. The first tissue 
contact point then is moved to a position proximal of a second tissue contact point to form 
15 the tissue fold. An anchor assembly then may be extended across the tissue fold at the 
second tissue contact point Optionally, a thurd tissue contact point may be established 
such that, upon formation of the tissue fold, the second and third tissue contact points are 
disposed on opposing sides of the tissue fold, thereby providing backside stabiUzation 
during extMsion of the anchor assembly across the tissue fold from the second tissue 
20 contact point 

[0074] Preferably, the first tissue contact point is used to aigage and then stretch or 
rotate the tissue waU over the second tissue contact point to form the tissue fold. The 
tissue fold is then articulated to a position wherem a portion of the tissue fold overlies the 
second tissue contact point at an orientation that is substantially normal to the tissue fold, 
25 An anchor then is delivered across the tissue fold at or near tiie second tissue contact point 

10075] Refming to FIGS, I, iqjparatus 10 of the preset inv^tion comprises tonqueable 
caflieter 1 1 having distal region 12 firom which first and second intaxx)nnected flexible 
tubes 13 and 14 extend, and proximal region 15 having handle 16 and actuator 17. 
Catheter 1 1 is configured for insertion througji a patient's mouth and esophagus into the 
30 ^stiointestinal lumen. Tissue grabbing assembly 1 8 is disposed on the distal end of 
flexible trube 13, and is coupled to actuator 17 via control wire 19 that extends tiirough 
flexible tube 13, 
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(0076] As better illustrated in FIG. IB, flexible tubes 13 and 14 are connected via hinge 
assembly 20 that comprises link 21 attached to flexible tube 13 at pivot point 22 and 
attached to flexible tube 14 at pivot point 23. Hinge assCTibly 20 prevents tissue grabbing 
assembly 1 8 from moving more than a predet^mined distance relative to distal end 24 of 
5 flexible tube 14. 

100771 Still refearing to FIG. IB, flexible tubes 13 and 14 preferably include b^idable 
sections 25 and 26, respectively. The bendable sections may comprise, for exanqple, a 
plurality of through-wall silots 27 to enhance flexibility of flie tube. Preferably, flexible 
tubes 13 and 14 are made from stainless steel with an etched or laser-cut slot pattern. 
10 More preforably, the slot patt^ is a simisoidal repeating pattern of slots pai)^dicular to 
the longitudinal axis of tubes 13 and 14. AltOTiative flexible patterns will be apparesA to 
those of skill in the art 

[00781 Referring to FIGS. 2A and 2B, tissue grabbing assembly 1 8 comprises pair of 
jaws 28a, 28b arranged to rotate about pivot point 29 between an open configuration (FIG. 
1 5 2A) and a closed configuration (FIG. 2B). Control wire 19 is coupled via pivot point 30 to 
arms 31a and 31b. Anns 31a and 31b are in turn pivotally coupled to jaws 28a and 28b, 
respectively, at pivot points 32a and 32b. Each of jaws 28a and 28b preforably includes 
sharpened teeth 33 disposed near its distal ^ds to fadlitate grasping of the tissue wall of 
die GI lumen. 

.20 [00791 Control wire 19 is coupled to actuator 17 of handle 16 so that translation of the 
wire within flexible tube 13 causes the jaws to open or close. In particular, urging control 
wire distaUy (as indicated by arrow A in FIG. 2A) moves pivot point 30 distaUy, therd)y 
forcing the jaws to open. Urging control wire 19 proximally (as indicated by arrow B in 
FIG. 2B> moves pivot point 30 proximally, thereby fordng the jaws to close together. In 
25 alternative embodiments, tissue grabbing ass^bly 18 may comprise a grappling hook or 
fork, or plurality of needles coiq>led to the distal end of flexible tube 13. 

[0080] Flexible tube 14 is afiSxed to and immovable within caflieter 11, while flexible 
tube 13 is coupled to catheter 1 1 only via hinge 20. Accordmgly, when control wire 19 is 
extended in the distal direction, flexible tube 13 is carried in the distal direction. When 
30 control wire 1 9 is retracted in the proximal direction, flexible tube remains stationary until 
jaws 28a and 28b close together, afta: which further retraction of control wire 1 9 by 
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moving actuator 17 causes flexible tube 13 to buckle in bendable region 25, as described 
hereinafier. 

10081] Referring now to FIGS. 1 and 3A-3E, operation of apparatus 10 is described to 
create a tissue fold in a tissue wall of a GI lumen. In FIG. 3A, distal region 12 of catheter 
1 1 is positioned within a patient's GI lumen transesophageally, and jaws 28a and 28b of 
tissue grabbing assembly 18 are opened by moving actuator 17 to ttie distal-most position 
on haadle 16. As depicted in FIG. 3B, actuator 17 may then be moved proximally until 
the jaws of tissue grabbing assembly 18 engage a portion of tissue wall W at contact point 
PL 

[0082] Referring to FIG. 3C, after the tissue wall has been engaged at contact point P 1 , 
flexible tube 13 is urged proximally within catheter 1 1 by further proximal retraction of 
control wire 19 to stretdi tissue wall W and create tissue fold F. During this movement of 
flexible tube 13, link 21 of hinge assembly 20 causes tissue grabbing assembly 18 to move 
fiom a position distal to distal end 24 of flexible tube 14, to a position proximal of distal 
«id 24 of flexible tube 14. B^odable sections 25 and 26 of flexible tubes 13 and 14, 
respectively^ accommodate any lateral motion caused by (q>^ration of hinge assembly 20. 
Advantageously, formation of fold F fedlitates flie penetration of flie tissue wall by a 
needle and subsequent delivery of an andior ass^nbly, as described hereinafter. 

[0083] Referring to FIG. 3D, additional proximal movonent of actuator 17 causes 
flexible tubes 13 and 14 to buckle at bradable sections 25 and 26. Hinge assembly 20 
transmits force applied to flexible tube 13 via control wire 19 and actuator 17 to the distal 
tip 24. Preferably, flexible tube 14 is configured so that distal tip 24 contacts, and is 
substantially petp«idicular, to tissue fold F at contact point P2, As iUustrated in FIG. 3E, 
once tissue fold F is stretched across distal tip 24 of flexible tube 14, sharp wed needle or 
obturator 34 may be extended fix>m distal tip 24 of flexible tube 14 to pierce all four layers 
of the tissue wall W. Sharpmed needle or obturator 34 is inserted via inlet 35 to flexible 
tube 14 on handle 16 (see FIG. lA). 

[0084] As discussed above, the GI lumw comprises an inner mucosal layer, connective 
tissue, the muscularis layer and the serosa layer. To obtain a durable purchase, e.g., in 
performing a stomach reduction procedure, the staples or andiors used to achieve 
reduction of the GI lumen must engage at least the muscularis tissue layer, and more 
preferably, the serosa layer as well. Advantageously, stretching of tissue fold F across 
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distal tip 24 permits an anchor to be ejected through both the muscularis and serosa layers, 
thus enabling durable gastrointestinal tissue approximation. 

100851 As depicted in FIG. 3E, aftar tissue fold F is str^hed across distal tip 24 of 
flexible tube 1 4 to form contact point P2 wilh tissue wall W, needle 34 may be extmded 
5 from distal tip 24 and through tissue fold F. Because needle 34 pai^rates the tissue wall 
twice, it exits within the gastrointestinal lumen, thus reducing ttie potential for injury to 
surrounding organs. Once the needle has p^etrated tissue fold F, an anchor assembly is 
ejected through distal tip 24 as described hereinbelow. 

10086] With respect to FIGS. 4A-4C, a first embodiment of an anchor ass«nbly suitable 
10 for use with tixe apparatus of the present inv^tion is described. Anchor assembly 36 
conqnises T-anchor assembly having distal rod 38a and proximal rod 38b cormected by 
suture 39. Hie precise shape, size and mat^als of the anchors may vary for individual 
applications. In addition, the suture material also may vary for individual applications. 
By way of example, the suture material may consist of monofilament wire, multifilament 
1 5 wire or any other conventional suture material. Alternatively, suture 39 may comprise 
elastic material, e^g. a rutbor band, to fadlitate adjustment of the distance between the 
proximal and distal rods. Suture 39 extends throu^ a pair of through-holes 40 in each 
rod, thatby forming a loop. Alternatively, suture 39 may be attached to the rods via an 
eyelet or using a suitable adhesive. Prefarably, tiirou^-holes 40 are located near the 
20 center of flie rods 38a and 38b. 

[0087] Referring to FIG. 4B, rods 38a and 38b may be delivered througji needle 34 (see 
FIG. 3E) using push rod 42. Push rod 42 is adsqpted to fireely translate through flexible 
tube 14 and needle 34. Push rod 42 is refi^ably flexible, so that it may slide through 
endable section 26 of flexible tube 14. hi addition, push rod 42 may indude notch 43 near 
25 its distal ead to facilitate grasping and tmsioning suture 39 after anchor delivery. 

[0088] During anchor delivery, the longitudinal axis of distal rod 38a is substantially 
parallel to the longitudinal axis of needle 34. However, once distal rod 38a is ejected from 
needle 34, sutnre tension induces the rod to rotate approximately 90 degrees about its 
longitudinal axis, so that its longitudinal axis is substantially perpendicular to the 
30 longitudinal axis of needle 35. This rotation of distal rod 38a prevrats it fix)mbemg pulled 
bade through tissue wall W. 
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[00891 Referring to FIG. 4C, once rod 38a is ejected on the distal side of fold F, needle 
35 is retracted and push rod 42 is used to eject rod 38b on the proximal side of tissue fold 
F. Like distal rod 38a, tension in the suture causes proximal rod 38b to rotate about 90 
degrees once it is ejected from the needle. Notch 43 in push rod 42 then may be employed 
5 to tighten suture 39 by any of a variety of mechanisms. Alternatively, suture 39 may 
comprise an elastic material that dynamically ti^tens the rods against tissue fold F. 

[0090] RefOTingnowtoFIG.SA, according to other embodiments, the anchor assembly 
comprises a T-anchor assembly suitable to be disposed over obturator 50. More 
particularly, distal rod 38a includes tibrough-hole 51 dimCTsioned for the passage of 
10 obturator tip 52, and obturator 50 is translatably inserted through flexible tube 14 via inlet 
35 of handle 16 (see FIG. lA). Proximal rod 38b may be a solid rod that does not include 
a through-hole for passage of obturator 50. Alternatively, proximal rod 38b may include a 
through-hole for the passage of the obturator. Preferably, abturator tip 52 is sharp^ed to 
facilitate tissue penetration. 

15 (00911 With respect to FIG. 5B, once rod 38a is ejected on the distal side of fold F, it 
rotates into a position substantially parallel to tissue wall W and p«:pendicular to the 
ion^tadinal axis of the obturator. Obturator 50 then is retracted and proximal rod 38b is 
ejected from flexible tube 14. More particularly, when flexible tube 14 is retracted from 
tissuewallW,proxinuil rod 38b is pulled Ihrou^ distal tip 24. Proximal rod 38b tfara 

20 rotates substantially 90 d^irees as it is ejected from flexible tube 14 so ifaat rod 38b is 
ui^ed against tissue wall W. 

[00921 Refearing to FIG. 6A, according to further ranbodimoits, anchor assembly 55 
comprises a T-anchor assembly similar to the embodiment depicted in FIG. 4A. However, 
anchor assembly 55 includes fine wire tether 56 that may be twisted to maintain the 
25 tension between rods 3 8a and 38b. 

[00931 With respect to FIG. 6B, a method of delivaring anchor assanbly 55 is described. 
Initially, distal rod 38a is delivered aa:oss both tissue walls using needle 34. The needle 
then is retracted to release distal rod 38a so that it engages the tissue wall. Next, needle 34 
is retracted to release proximal rod 38b, so that it too rotates into engagement with the 
30 tissue wall, A proximal portion of the wire tether is captured by notch 43 of push rod 42 
(see FIG. 4B), and the push rod is rotated to cause proximal rod 38b to clamp down on the 
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tissue fol A Because wire teflier 56 is twisted by rotation of push rod 42, it maintains ttie 
desired force on &e tissue walls. 

[0094] Referring now to FIGS. 7, a unidirectionally adjustable aadior assembly suitable 
for use with apparatus of the preset invention is described Anchor assembly 60 
comprises distal anchor 62 and unidirectionally adjustable proximal anchor 64, which are 
connected by suture 3 9. Distal anchor 62 is translationally fixed with respect to suture 39. 
Such fixation may be adiieved in a variety of ways. For example^ as seai in FIG. 7A, 
distal andior 62 may comprise a paur of through-holes 63, located near the cent^ of 
anchor 62 and flm>ugh which suture 39 is threaded and tied off at knot 65. 

[0095] FIG. 7B provides alternative techniques for fixing the distal anchor. As seen in 
FIG. 7B(i), distal anchor 62 may comprise hollow tube T having op^iing O. A distal end 
of suture 39 is passed through opening 0 and formed into knot K, which is dimensioned 
sudi that it cannot pass through opemng 0, thereby fixing the distal anchor with respect to 
tiie suture. In ord^ to fiacilitate formation of kaot K» distal anchor 62 optionally may 
comprise distal openixig DO, which is dimensioned suc^ that knot K may pass 
thor^hrou^. The distal cad of suture 39 maybe passed through distal op^iing DO, 
knotted, and then pulled back wittnn hollow tube T of anchor 62 until it catdies at 
opening O. 

[0096] A drawback of the fixation technique described with respect to FIG. 7B(i) is a 
risk of suture 39 being torn or cut due to rubbing against opting O. In FIG. 7B(ii), 
hollow tube T comprises first end E to which is coimected wke loop L, which may be 
formed, for example j&om a nickel-titanium alloy ("Nitmor). Suture 39 passes throu^ 
the wire loop before terminating at knot K. Knot K is dimensioned such that it cannot 
pass bade throu^ the wire loop. Wire loop L directs suture 39 through opting 0, thereby 
reducing rubbing of tlie suture against the opoiing and reducing a risk of tearing or cutting 
of suture 39. 

[0097] FIG. 7B(iii) provides yet another alternative technique for fixing the distal 
anchor with respect to the suture. Distal anchor 62 again comprises hollow tube T having 
opening O. Rod R is disposed within tube T, and the ends of the tube may be either closed 
or crimped to rod R, such that the rod is maintained within the tube. Hie distal end of 
suture 39 is threaded through opening 0, around rod R, and back out opening O. The 
suture is then knotted at knot K, thereby fixing distal andior 62 with respect to suture 39. 
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[0098] In addition to tiie techniques shown in FIGS. 7A and 7B, suture 39 alternatively 
may be fixed with respect to anchor 62 by ofliar means, for example, via a knotted eyelet 
or via a suitable adhesive. Additional tedmiques will be apparent to those of skill in the 
art While aadiior 62 is illustratively shown as a rod- or T-type anchor, any of a variety of 
anchors, per se known, may be used as distal anchor 62. Exemplary anchors are described 
in co-pending U.S. Patent Application Social No. 10/612,170, filed July 1, 2003, which is 
incorporated herein by reference in its oitirety. Additional anchors are described 
hereinbelow with respect to FIGS. 17. For tiie purposes of the present invention, anchors 
and andior assemblies should be understood to include clips for securing tissue, as well as 
suture knots and knot replacements. Furifaomore, anchor ass^blies may comprise 
multiple componaits that are not initially co\q;>l6d to one anoth^, the components may be 
brought together and/or coupled wifliin a patient at a treatment site. 

[0099] Referring again to FIG. 7 A, adjustable proximal anchor 64 comprises outer 
cylinder 66 having first end 67a and second end 67b, as well as first opening 68a and 
second opening 68b. First and second openings 68 are preferably disposed near the center 
of cylinder 66 and approximately 180^ apart Anchor 64 finiher comprises first flexible 
rod 70a and second flexible rod 70b, both of which are disposed within outer cylinder 66 
and coupled to first and second ends 67 of cylinder 66. Rods 70 may be formed, for 
example, from Nitinol or fix>m a polymer, and may be separated firom one another by small 
gap G. As with the previous anchor assemblies, the precise shapo, size and matmals of 
the anchors and suture may vary as required for specific s^plications. 

[0100] As best sem in FIG. 7C, suture 39 passes fixmi distal andior 62 through first 
opening 68a of proximal anchor 64, around second flexible rod 70b, around first flexible 
rod 70a, betwe^ rods 70a and 70b, and out through second opening 68b. This suture 
winding provides a unidirectional adjustment capability that allows a length L of suture 39 
disposed between distal anchor 62 and proximal anchor 64 to be shortened. However, the 
suture winding precludes an increase in length L. FIGS. 8 illustrate the mechanism of this 
unidirectional adjustment capability in greater d^il. Optionally, suture 39 maybe tied 
off proximal of anchor 64 at knot 69, thereby forming a proximal loop of suture to 
faciUtate deployment and/or adjustment of anchor assembly 60. 

[01011 In FIG. 8A, a proximally-directed force Fi is applied to suture 39 proximal of 
adjustable andior 64, while anchor 64 is held stationary or is advanced distally. A portion 
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of force F] is transferred through suture 39 to second fl^ble rod 70b, whidi causes rod 
70b to bow, thereby increasing gap G and allowing suture 39 to freely pass between rods 
70a and 70b and through proxfanal anchor 64, facilitating unidirectional adj\istment. 
When anchor 64 is held stationary while suture 39 is retracted proximally, distal anchor 62 
retracts proximally towards anchor 64. Alternatively, when anchor 64 is advanced distally 
while suture 39 is retracted proximally, distal anchor 62 eitha: remains stationary or 
retracts proximally towards proximal anchor 64, deprading upon a degree of distal 
advancement of proximal anchor 64. Regardless, length L of suture 39 disposed between 
anchors 62 and 64 is decreased, thereby unidirectionally adjusting a distance between the 
anchors. 

[0102] In FIG. 8B, a distally-directed force F2 is appUed to suture 39 distal of adjustable 
anchor 64. Force F2 may be applied, for example, by tissue compressed between anchors 
62 and 64. Compressed tissue stores energy in a manner similar to a compression spring 
and seeks to push anchors 62 and 64 apart after unidirectional tightening. Force F2 causes 
the loop of suture 39 around first and second rods 70 to tighten, thereby bowing both rods 
inward and closing gap G such that suture 39 is friction locked between first and second 
flexible rods 70, In this maimer, the length L of suture betwe^ anchors 62 and 64 may be 
selectively decreased but caxmot be increased. 

[01031 As will be apparettt to those of skill in the ait, the magnitude of force required to 
unidirectionally adjust length L maybe altered in a variety of ways. For example, a 
Imgth, flexibility or diameter of rods 70 may be altoped. Likewise, the elasticity or 
diamrterof suture39inaybealtajed. Initial gq>G may be increased or deoreased 
Furtfaerstill, the materials used to form rods 70 and suture 39 may be changed to alter 
matmal properties, such as coefQdents of friction, and/or rods 70 or suture 39 may 
comprise a lubricious coating. Additional methods for varjdng the magnitude of force, a 
few of which are described hereinbelow with respect to FIGS. 9, will be apparent in view 
of this disclosure and are included in flie present invention. 

[0104] Referring now to FIGS, 9, altanative anchors 64 are described. In FIG. 9A, 
flexible rods 70 of proximal adjustable anchor 64' are rotated with respect to openings 68 
(or vice versa). Whai utilizing the suture winding desoibed in FIGS. 7 and 8, rotation of 
rods 70 \sp to 180** clodt^se progressively increases friction when force is applied to 
anchors 62 and 64. The magnitude of the friction lock is increased when force is applied 
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in flie manner described with respect to FIG. 8B. Howevor, fiiction is also increased when 
tmidirectionally adjusting the length of suture between the proximal and distal anchors by 
applying force in the manner described with respect to FIG. 8A. Rotation of rods 70 more 
than about 180° clockwise would cause anchor 64* to friction lock regardless of which 
direction force were appUed to suture 39, thereby negating the tmidirectional adjustment 
capability. Countorclockwise rotation of rods 70 with respect to openings 68 would 
initially reduce friction during force application to suture 39 in either direction. It is 
expected that countercloclcwise rotation in excess of about 90° would eliufiinate the friction 
lock described in FIG. 8B and allow bidirectional adjustment. Continued 
counterclockwise rotation beyond about 450** would reverse the directions of friction lock 
and unidirectional adjustment, while counterclockwise rotation beyond about 720° would 
result in friction lock regardless of whidh direction force were applied to suture 39. 

[0105] As discussed previously, op^iings 68 of cylinder 66 of anchor 64 are preferably 
disposed approximately 180® apart fix)m one another. Howev^, in order to increase the 
friction lock force without significantly increasing friction during unidirectional 
adjustment, first opening 68a may be rotated counterclockwise with respect to second 
opening 68b (or vice versa), as seen with anchor 64" of FIG. 9B. In this maimer, first 
opening 68a is no longer in line with rods 70, while second opening 68b remains in line 
with rods 70. When force Fi is applied to anchor 64", second flexible rod 70b is able to 
bow outward and increase G, thereby facilitating unidirectional adjustment. Likewise, 
wh«i force Fi is apphcd to the andior, gap G is dosed more tightiy xipon suture 39, 
thoreby increasing the fiiction lock force. If first op&mg 68a alternatively were rotated 
dodcwise widi respect to the second opening, it is e3q>ected that the fiiction lock force 
would be decreased. 

(01061 In FIG. 9C, proximal adjustable anchor 64*" comprises an alternative suture 
winding. Suture 39 passes fix>m distal anchor 62 through fijrst op^ung 68a of andior 64*", 
around second flexible rod 70b, around first flexible rod 70a, back around second flexible 
rod 70b, between rods 70a and 70b., and out through second opening 68b. As with the 
suture winding described with respect to anchor 64 of FIGS. 7 and 8, the suture winding 
illustrated in FIG. 9C provides a unidirectional adjustment capability that allows a length 
L of suture 39 disposed betweoi distal anchor 62 and proximal anchor 64"* to be 
shortened. However, this suture winding precludes an inorease in length L. Additional 
unidirectionally adjustable suture windings will be apparent to those of skill in the art 
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[01071 With reference to FIGS. 10, an altOTiative unidirectionally adjustable anchor 
comprising three rods is described. Anchor assembly 80 comprises distal andior 62 and 
proximal anchor 82. Unidirectionally adjustable proximal anchor 82 comprises outer 
cylinder 84 having first end 85a and second end 85b (not shown), as weU as first opting 
5 86a and second op^ng 86b. First and second openings 86 are preferably disposed near 
the center of cylinder 84 and approximately 1800 apart Anchor 82 fiirth^ comprises first 
flexible nnl 88a, second flexible rod 88b and third flexible rod 88c, all of which are 
disposed within ovAec cylinder 66 and coupled to first and second ends 85 of cylinder 64. 
Rods 88 are sqiarated fix>in one another by Gl and G2. 

1 0 101081 Suture 39 passes firom distal anchor 62 through first opting 86a of proximal 
anchor 82, around first rod 88a, between first rod 88a and second rod 88b, between second 
rod 88b and third rod 88c, around third rod 88c, back to and around first rod 88a, and out 
through second opening 86b. As soen in FIG, lOA, when force Fi is applied to suture 39, 
gaps Gl and G2 remain open, thereby facilitating unidirectional adjustment/shortening of 

15 length L of suture 39 disposed between distal anchor 62 and proxunal anchor 82. As seen 
in FIG. lOB, when force F2 is applied to suture 39, gaps Gl and G2 close down upon 
suture 39, fliereby forming a fiiction lock that precludes an increase in length L of suture 
39. 

[0109] Referring now to FIG. 1 1, an altraiative three rod andior assembly is described. . 

20 The unidirectionally adjustable anchors described hereinabove with respect to FIGS. 7-10 
all comprise rods disposed within a cylind^ having opmings for passage of a suture. The 
openings act to center the suture with respect to the rods and can be used to alto: 
magnitudes of force 25)plied during adjustmmt and friction loddng, as discussed 
previously. However, such openings present a risk of tearing or cutting the suture as the 

25 suture sUdes throi^ the openings. 

[0110] As seen in FIG. 1 1, anchor assembly 90 comprises distal andior 62 and proximal 
anchor 92. Unidirectionally adjustable proximal andior 92 comprises first flexible rod 94a 
and second flexible rod 94b, as well as rigid rod 96, which is preferably larger in diameter 
than first and second rods 94. Flexible rods 94 are preferably fabricated firom Nitinol or a 
30 polymor, while rigid rod 96 is preferably fabricated firom stainless steel or a polymer. 
Alternative materials will be apparent to those of skill in the art. 



19 



wo 2005/058239 



PCTAJS2004/041570 



(01111 Anchor 92 further comprises first outer cylinder 98a and second outer cylinder 
98b, which are crimped to the ends of first and second rods 94, and rigid rod 96. As an 
alternative to crimping, first and second cylinders 98 may each comprise an end cap (not 
shown) to which the rods are coupled. First and second cylinders 94 do not span a cmtral 
5 portion of anchor 92. Flexible rods 94 are separated &om one another by gs^) Gl, while 
rods 94 are separated firom rigid rod 96 by gap G2. 

[01121 Anchor 92 comprises three rods, but, unlike anchor 82 of FIGS. 10, suture 39 is 
only wrapped around two of thrai to achieve unidirectional adjustment As best seen in 
FIGS. 1 IB and 1 IC, ttie illustrative suture winding of andior assembly 90 is similar to that 
10 desCTibed previously with respect to anchor assembly 60 of FIGS. 7 and 8, The break 
between first and second cylind^ 9 8 acts to center suture 3 9 with respect to the rods, as 
seen in FIG. 1 1 A, while rigid rod 96 acts to stiffen and reduce rotation of anchor 92 as it 
directs suture 39 about flexible rods 94. 

[01131 Suture 39 passes from distal anchor 62 to proximal anchor 92, between rigid rod 
15 96 and flexible rods 94, around second flexible rod 94b, around first flexible rod 94a, 

between rigid rod 96 and first flexible rod 94a, between flexible rods 94a and 94b, and out. 
AsseeninFIG. IIA, when force Fi is ^lied to suture 39, flexible rods 94 are forced 
apart and gap Gl wida[is while gap G2 remains substantially constant, thereby allowing 
unidirectional adjustment of Imgth I. of suture 39 disposed betwem distal anchor 62 and 
20 proximal anchOT 92. As seen in FIG. 1 IB, when force F2 is supplied to suture 39, gap Gl 
doses down suture 3 9, thereby forming a fiiction lock that precludes an increase in 
length L of suture 39. Gap G2 again rraains substantially constant 

[01141 With reference to FIG. 1 2, an alternative unidirectionally adjustable anchor 
assembly comprising pivots is described. Anchor assanbly 100 comprises distal anchor 

25 62 and proximal andior 102. Unidirectionally adjustable proximal anchor 102 comprises 
outer c^der 103 having first end 1 04a and second end 1 04b (not shown), as well as first 
opraing 105a and second opening 1 05b. First and second openings 105 are preferably 
disposed nearflie cento: of cjiinder 103 and approximately 180** apart. Andior 102 
fiirther comprises first rod or paddle 106a and second rod or paddle 106b, both of which 

30 are disposed within onto: cylinder 1 03 and coupled to the first and second ends of cylinder 
103 by pins 107, which pass ttirough pivot holes 108. In this manner, first and second 
paddles 106 are able to rotate about pivot holes 108. Paddles 106 maybe formed, for 
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example, from stainless steel or a polyniCT, and are separated from one another by gap G. 
As with the previous anchor assemblies, the precise shape, size and materials of the 
andiors, as well as suture 39, may vary as required for specific applications. 

[01151 Suture 39 illustratively passes from distal anchor 62 through first opening 105a 
5 of proximal anchor 1 02, around second paddle 106b, around first paddle 106a, between 
paddles 106a and 106b, and out through second opting 105b. The placem^t of pivot 
holes 108 ensures that application of force Fi, as described hereinabove, causes paddles 
106 to rotate apart from one another and expand gap G, thorny enabling unidirectional 
adjustment Likewise, application of previously discussed fi>rce F2 causes paddles 106 to 
1 0 rotate togeflier, thereby closing gap G and pinching suture 39 between the paddles in a 
fiiction lock. An increase in the magnitude of force F2 serves to rotate paddles 106 
together more tightly, thereby increasing the magnitude of tibe fiiction lock acting upon 
suture 39 between the paddles. In this maimer, unidirectional adjustment is achieved, 

(01161 Referring now to FIG. 1 3, an alternative unidirectionally adjustable anchor 
15 assembly comprising sprmg matmal is described. Anchor assembly 110 comprises distal 
anchor 62 and proximal anchor 1 12. Unidirectionally adjustable proximal andior 1 12 
comprises outer cj^indo- 1 13 having first end 114a and second eod 114b (not shown), as 
well as first opening ll5a and second opting 115b, First and second openings 1 15 are 
preferably disposed near the cent«: of cylinda: 1 13 and approximately 180** apart Andior 
20 112 fiirtho- comprises first rod 116a and second rod 116b that are sq>arated by gap G, as 
wdl as spring material 1 18, all of which are disposed wiftin outer cylind^ 1 13. Spring 
material 118 abuts rods 1 16, which preferably are substantially the same length as cjdinder 
1 13, and may either move freely within cylmder 1 13 or may be coupled to the ends (not 
shown) of cylinder 1 13. Spring material 1 18 may also move fireely withm cylinder 1 13 or 
25 may be coupled to the cylinder, and comprises lumen 119 having a diameter that is 
preferably equal to or less than the diamet^ of suture 39. Spring material 1 1 8 may 
comprise, for example, a compressible biocompatible foam, whidi acts as a compression 
spring. 

[01171 Suture 39 passes fiom distal anchor 62 to proxhnal anchor 1 12 through first 
30 opening 1 15a of cylinder 1 13, between rods 116, through lumen 1 19 of spring material 
118, and out through second opening 115b. Lumen 119 snugly contacts suture 39 such 
that application offeree Fi causes fiiction between the suture and the spring material to 
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compress the spring material against the wall of cylinder 1 14, thereby reducmg a stress 
s^plied to rods 1 16 by spring material 118 and increasing gap G such that unidirectional 
adjustment of length L of suture 39 disposed between distal anchor 62 and proximal 
anchor 102 may proceed. Application of force Fa stretches spring material 118 against 
rods 1 16, thereby increasing the stress applied to the rods by flie spring inaterial and 
closing gap G such that suture 39 is friction locked between rods 116. 

[01181 With reference to FIGS. 14, alternative unidirectionally adjustable anchor 
assmblies comprising one-way valves are described. In FIG. 14A, anchor assembly 120 
composes distal anchor 62 and iHX)ximal anchor 122. Unidirectionally adjustable 
proxunal anchor 122 comprises outer cylinder 124 having first and second ends 125a and 
12Sb, as well as first opening 126a and second opening 126b. First and second op^ungs 
126 are preferably disposed near the center of cylinder 124 and ^proximately 180° ^art. 
Anchor 122 further comprises first inclined plane 128a and second inclined plane 128b, 
which are forced into apposition by compression springs 129a and 129b, thereby forming 
one-way valve V at the junction of the tw^o inclined planes. Inclined planes 128 and 
springs 129 are disposed within outer cylinder 124; springs 129 abut ends 125 of cylind^ 
124, as well as the aids of the inclined planes. Suture 39* comprises a plurality of knots or 
beads B adapted to actuate one-way valve V* 

[0119] Suture 39* passes from distal anchor 62 to proTcimal anchor 122 through first 
opening 126a of cylinder 124, betwem inclined planes 128, throu^ one-way valve V, and 
out through second opening 126b. Ai^lication offeree Fi to suture 39' causes a bead B to 
contact inclined planes 128 and gradually coax than apart by compressing springs 129, 
thereby opening valve V and allowing the bead to pass fluoug^ tihe valve. Once the bead 
has passed through valve V, springs 129 force indined planes 128 back into s9)position, 
thereby closing the valve. Continued application of force Fi allows multiple beads to pass 
througji the valve, which facilitates unidirectioiial adjustment of suture length L disposed 
between distal andior 62 and proximal anchor 122. Application of force F2 causes a bead 
B of suture 39' to impinge upon the proximal sides of inclined planes 128. However, force 
transferred to the planes by the bead is perpendicular to the direction required to compress 
springs 129 and urge planes 128 apart. As such, the bead B impinging upon the proximal 
sides of planes 128 is not able to open oae-way valve V and pass back through the valve in 
a distal direction, fiiereby ensuring only imidiiectional adjustment, i.e. shortening, of the 
length L of suture disposed between the proximal and distal andiors. 
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(01201 In FIG. 14B, an alternative unidirectionally adjustable anchor having a one-way 
valve is described. Anchor assembly 130 comprises distal anchor 62 and proximal anchor 
132. Unidirectionally adjustable proximal anchor 132 comprises lumen 134 having 
cantilevered inclined plane 136 disposed therein, which forms one-way valve V. 'Zip-tie' 
festmer 138, having a plurality of inclined planes 139, connects proximal anchor 132 and 
distal anchor 62. The plurality of inclined planes 139 are disposed about 180"* out of phase 
with inclined plane 136 of anchor 132. 

[0121] Fastens 138 passes fiom distal andior 62 to proximal anchor 132, through 
lumen 134 and past incHned plane 136. Inclined planes 139 of fastener 138 mesh witti 
inclined plane 136 and bend or cantilever plane 136, sudi fliat planes 139 of fastmer 138 
may proximally pass one-way valve V when force Fi is applied to the fiastener, flierd>y 
enabling unidirectional adjustment of l^igth L of fastener 138 disposed betwem the 
proximal and distal anchors. Conversely, when force F2 is applied to the fastener, the 
proximal side of inclined plane 136 of anchor 132 abuts the distal side of an inclined plane 
1390 of fastener 138, and the fastener cannot be drawn distally through proximal anchor 
1 32, nor can the Imgth L of ^tener disposed betwe^ the anchors be increased 
significantly. 

[0122] Referring now to FIGS. 1 5, alternative 3 unidirectionally adjustable anchor 
assmblies compri^g a slipknot are described. In FIG. ISA, anchor assembly 140 
comprises distal anchor 142 and proximal anchor 144. Throu^-holes 143a and 143b 
extend through distal anchor 142, while tbrougjh-holes 14Sa and 145b extend Ifarou^ 
proximal anchor 145. Preferably, througji-holes 143 and 145 are located near the c^^ of 
anchors 142 and 144, respectivdy. 

[0123] The distal end of suture 39 passes through through-hole 145a of proximal anchor 
144 to distal anchor 142, where it passes through through-hole 143a and back through 
through-hole 143b. It ihen extends from distal andbior 142 back to proximal andior 144, 
where it passes throu^ through-hole 145b of the proxnnal anchor. Hie distal end of 
suture 39 is tied off at uni<firectional slipknot S, which is located proximal of andior 144. 
FIG. 15B provides a detail view illustrating formation of slipknot S. 

[0124] As will be apparent to those of skill in the art, application of force Fi causes 
suture 39 to slide through through-holes 143 and 145, and decrease the length L of suture 
39 disposed brtween anchors 142 and 144. Suture 39 may readily pass through slipknot S 
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in a proximal direction, thereby facilitating unidirectional adjustment of length L. 
However, application offeree F2 tightens slipknot S and prohibits passage of suture 39 
through flie slipknot in a distal direction, thereby precluding an increase in length L. 

[0125] FIG« 1 SC illustrates an alternative ^bodimmt of anchor assembly 140 whorem 
the slipknot is disposed witiiin the proximal anchor. Anchor assembly 14(X comprises 
distal anchor 142 and proximal anchor 144'. Proximal anchor 144' comprises hollow 
cylinder or tube 146 having distal openings 147a and 147b, and proximal opening 148. 

[0126] The distal end of suture 39 passes through proximal opening 148 into the interior 
of tube 146, It then passes through distal opening 147a of proximal anchor 144* to distal 
anchor 142, where it passes thiou^ through-hole 143a and back through through-hole 
143b. Next, suture 39 extends from distal anchor 142 back to proximal anchor 144', where 
it passes through distal opening 147b into the interior of tube 146 of the proximal anchor. 
The distal end of suture 39 is tied off at unidirectional slipknot S, which is disposed within 
tube 146 of anchor 144'. Anchor assembly 140' may be unidirectionally adjusted in a 
mann^ similar to that described hereinabove with respect to anchor assembly 140 of 
FIG. ISA. 

[0127] FIGS. 7-15 have illustrated anchor assemblies comprising various mechanisms 
for achieving unidirectional adjustmmt of flie distance betwera the proximal and distal 
anchors. These mechanisms have been provided solely for tiie sake of illustration and 
should in no way be construed as limiting. Additional mechanisms for achieving 
unidirectional adjustm^t will be apparent to those of skill in the art in view of this 
disclosure and are included in the present inv^tion. Furthermore, a majority of tiie 
anchor assemblies of FIGS. 7-1 5 have been described with the distal anchor being fixed 
relative to tiie suture, and the proximal andbor being adjustable. However, it should be 
understood that tiie distal anchor may altematively be adjustable and the proximal anchor 
may be fixed, and/or both anchors may be unidirectionally adjustable^ as with andior 
assembly 140 of FIGS. 15. 

(0128] Wifli refer«ice now to FIGS. 1 6, a bi-directionally adjustable anchor assembly 
comprising a locking mechanism is described. Anchor assembly 150 comprises distal 
anchor 62 and proximal anchor 1 52. As seen in FIG. 16A, bi-dkectionally adjustable 
proximal anchor 152 comprises outer cylinder 153 having first end 154a and second end 
154b, as well as first opening 155a and second opening 1 55b. First and second openings 
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155 are preferably disposed near the center of cylinder 153 and approximately 90® apart 
Proximal anchor 152 further comprises tensioa spring 158 disposed within outer 
cylinder 153* 

[01291 As seen in FIG. 16B, suture 39 passes fiom distal anchor 62 to proximal anchor 
5 152 through first op»ing 155a, around spring 158, and out through second opening 155b. 
Suture 39 moves fireely about tension spring 1 58 in dth^ dkection during application of 
force Fi or force F2, th«:eby facilitating bi-directional adjustment of suture lengfSti L 
disposed betwera the proximal and distal anchors. Howev^, as seen in FIG. 16C, 
simultaneous application offerees F| and F2 wifli sufiGident magoitude causes suture 39 to 
10 force threads T of spring 158 apart, such that suture 39 is tnpped betweaci threads T and 
locked in position^ thereby precluding further adjxistment of suture length L. 

[0130] The magnitude offerees required to actuate the locking mechanism of proximal 
anchor 152 and lock suture 39 within threads T of spring 158 may be specified/altered in a 
variety of ways. For example, the angular spacing of openings 155 about outer cylinder 

15 153 may be altered, the spring constant of spring 1 58 may be specified, and/or spring 1 58 
or suture 39 may comprise a lubricious coating. Additional techniques will be apparent to 
those of skill in the art. It is expected tfiat sunultaneous application of forces Fi and F2 
will be encountered when anchor assraibly 1 50 has been deployed across a tissue fold and 
suture lengQiL has been adjusted sudi that the tissue fold is coiiq>ressed. Amedical 

20 practitioner would then apply force Fi while the compressed tissue fold would apply force 
F2. 

[01311 Althou^ tihe anchor assemblies of FIGS. 10-16 have illustratively been 
described without knots or loops of suture or fastens disposed proximal of the proximal 
andior (as seen, for example, wiA knot 69 on suture 39 of anchor assonbly 60 in FIGS. 7 

25 and 8) it should be understood that such loops or knots optionally may be provided in 
order to feciBtate deploymrait and/or adjustment of the anchor assemblies. Additionally, 
the previously described anchor assanblies illnstratively comprise distal rod- or T-type 
anchors. However, it should be undostood that distal T-anchors have only been provided 
for flie sake of illustration. The distal anchors (as well as the proximal anchors) may 

30 comprise any of a variety of anchors, per se kaown, including, for example, surgical or 
endoluminal clips, clips for securing tissue aBd suture knots or knot replacem^ts. 
Exemplary anchors are described in co-p^diag U.S. Patent Application Serial No. 
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10/612,170, filed My 1, 2003, which is incorporated hwdn by refermce in its entirety. 
Furthennore, anchor assemblies may comprise multiple components that are not initially 
coupled to one another; the componrats may be brought together and/or coupled within a 
patient at a treatment site. Additional anchors are described hereinbelow with respect to 
FIGS. 17. 

[0132] Referring to FIG. 17A, articulating anchor 1 60 includes semi-<:ylindrical base 
161, rod 162 and suture 39. Rod 162 rotates about pivot point 163 (as indicated by arrow 
164) betwe^ an expanded position (s^own in FIG. 7A) and a reduced profile position, 
whordnrod 162 pivotswitfain the semi-cylindrical base 161. Articulating anchor 160 may 
be delivered through a tissue fold using, for example, needle 34 described hereinabove 
with respect to FIG. 3£. Preferably^ articulating andior 160 is biased in the expanded 
position so that it automatically expands once it is ejected from the needle. 

(0133] With respect to FIGS. 17B and 17C the andiors of the present invention also 
may comprise one or more oblong bodies connected by at least one suture. In FIG. 17B, 
anchor 165 comprises elliptical ring 166 having sutures 39 attached at substantially 
opposite sides of the ring. In FIG. 17C, anchor 168 comprises angle bracket 169 having a 
pair of tihrough-holes 170 for suture 39. In FIG. 17D, anchor 171 comprises oblong bead 
172 having a pair of through-holes 173 for suture 39. All fiuree anchors 165, 168 and 171 
(as well as the T-andiors described previoTisly) have a first dimrasion (e.g., widfli) that is 
substantially larg^ than a second dimaision(e.g., heie|it). This dimotisional difference 
necessitates that andiors 1 65, 168 and 171 be insetted within a needle (e.g., needle 34 of 
FIG. 3E) in a particular orimtation. Once the anchor is qected through a tissue wall, 
tmsion on suture 39 forces the anchor to rotate so ttiat it caimot be pulled back tiirou^ the 
tissuewall. As wiU be undeastood by tbose of sldU in the art, numax>us other anchors ma^ 
be employed without dq>arting from the scope of the present invration. 

[0134] Refaring now to FIG. 18A, an alt^ative embodiment of sqpparatus for forming 
a tissue fold, constmcted in accordance with the prindples of the present invmtion, is 
described. Apparatus 175 comprises treadmill assonbly 176 disposed at distal tip 174 of 
flexible tube 177. Flexible tube 177 is configured to be inserted flirough a pati^t*s mouth, 
esophagus and into the stomadi. Treadmill assembly 176 comprises conveyor 180 that 
circles around a pair of hubs ISlaand 181b. Hubs 181a and 181b rotate about axles 182a 
and 1 82b, respectively, and are interconnected by bracket 183. A plurality of barbs or 
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needles 1 85 is disposed at substantially regular intervals aroimd the circumference of 
conveyor 180. 

[01351 Flexible tube 177 preferably includes a plurality of through-wall slots 1 86 to 
enhance flexibility of the tube, yet maintain torqueability. Preferably, flexible tube 177 is 
5 made from stainless steel witti an etched or laser-cut slot patt^iL Preferably, the slot 
pattern is a sinusoidal rq)eating pattern of slots perpendicular to the longitudinal axis of 
the tube. Additional and/or alternative pattens will T>e apparmt to those of skill in the art 

(01361 Referring to FIGS. 1 8 and 19, transmission, of motive force to treadmill assembly 
176 is desaibed. In particular, drive shaft 202 disposed within flexible tube 177 is 

10 coupled to a manual knob or motor located at the iMOximal end of the catheter. The distal 
tip of drive shaft 202 is provided with beveled gear 203 that meshes with beveled ^ar 204 
provided on axle 182b. Accordingly, rotation of Iwcled gear 203 is transmitted to 
beveled gear 204, thereby causing axle 182b to rotate. Axle 182b in turn rotates hub 181b, 
actuating conveyor 180. Reversing the rotation of drive shaft 202 reverses the direction of 

15 conveyor 180. 

[0137] Referring again to FIGS. 1 8A-1 8D, a method of forming a gastrointestmal tissue 
fold F using q)paratus 175 is described. In FIG. ISA, flexible tube 177 is positioned 
transesophageally so that treadmill assembly 176 contacts tissue wall W. Preferably, 
contact should be made at an angle relative to the tissue wall W. For example, an angle of 
20 approximately 45 degrees is dq)icted in FIG. 8A, while many other angles may be used 
without dq)arting from the scope of the present invention. 

[0138] Whw treadmill assembly 176 contacts tissue wall W, needle 185 engages the 
tissue at contact point PI as the needle moves around distal hub 181a. As depicted in FIG. 
18B, as flie needle moves away from distal hub 181a, tissue wall W is pulled towards 
25 proximal end 181b, th^eby forming a small tissue fold F. As the treadmill ass«nbly 
continues to turn, subsequent needles 185 engage the tissue wall so that it becomes 
securely engaged to treadmill ass^bly 176 along tbie length of conveyor 180. 

[0139] As depicted in FIG. 1 8C, once tissue wall W is securely engaged to treadmill 
assOTibly 176, distal end 174 of flexible tube 177 maybe articulated in bendable section 
30 190, thereby moving treadmill assembly 176 away firom tissue wall W. The articulation of 
flexible tube 1 77 may be accomplished using a control wire and actuator disposed at the 
proximal end of the catheter, as previously describeci witti reject to the embodiment of 



27 



wo 2005/058239 



PCTAJS2004/041570 



FIGS. 1. By moving the treadmill assembly away from tissue wall additional tissue is 
pulled proximally and tissue fold F becomes elongated. 

[0140] In FIG. 18D» tissue fold F is stretched across bendable section 190 of flexible 
tube 177 to create contact point P2« This permits a sharpened needle or obturator to be 
extmded through one of slots 186 of bradable section 190 and aa:oss all four layers of the 
tissue wall W. Advantageously, stretdiing of tissue fold F across bwdable section 190 
permits an anchor to be ejected throu^ both tiie moscularis and serosa layers, thus 
providing a durable foundation for gastrointestinal tissue syjproximation. For example, 
needle 192 may be extended through slot 186 in b^dable section 190, and through the 
base of tissue fold F, and an anciior assembly (such as described with respect to any of 
FIGS. 4-17) may be ejected fit>m needle 192 to secure fhe fold. Alternatively, an 
obturator (such as described witii respect to FIGS. S A and 5B) may be used to pi^x^e the 
tissue fold at contact point P2 and deliver the anchor assembly. Treadmill assembly 1 76 
may be disengaged from tissue wall W by reversiag the rotation of proximal hub 1 8 lb. 

10141] Referring now to FIG. 20A, a further alternative embodiment of e^paratus for 
forming a tissue fold in accordance witii the principles of the present invention is 
described. Apparatus 200 comprises tissue grabbing assembly 18* coupled to the distal 
end of a flexible tube 177, such as described with respect to the embodiment of FIGS. 18. 
Flexible tube 1 77 preferably includes a plurality of throu^-wall slots 1 86* to chance 
flexibility of the tube, y^ maintain torqueability. In addition, flexible tube 177 may be 
made jfom stainless steel with an rtched or laser-cut slot patten, such as a sinusoidal 
rq>eating pattern of slots porp^dicular to the longitudinal axis of the tube. Alternative 
flexible patterns will be apparent. 

[0142] Tissue grabbing assembly 1 8' is similar to that described with respect to the 
embodiment of FIGS. 1, and comprises a pah of jaws 28a*, 28b' arranged to rotate about 
pivot point 29* betwem an opea configuration and a closed configuratioxL Each of jaws 
28a', 28b' preferably includes sharpoied teeth 33' disposed near its distal end to facihtate 
grasping tissue wall W. 

[0143] With respect to FIG. 20A, tissue grabbing assembly 1 8' is positioned 
transesophageally adjacent to tissue wall W and jaws 28a', 28b' are moved to the open 
position. Tissue grabbing assembly 18' th«i is moved into contact with tissue wall W. As 
deleted in FIG. 20B, tissue grabbing ass^bly 1 8' is used to grab the tissue wall at a first 
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contact point PL After capturing a portion of tissue wall W within jaws 28a', 28b*, flexible 
tube 177 is urged proximally to stretch tissue wall W and create tissue fold F. 

[01441 Referring to HG. 20C, once tissue fold F is formed, the distal end of flexible 
tube 17? is articulated about beadable section 190" to move tissue grabbing assembly 18* 
5 away from tissue wall W. Articulation of flexible tube 177 may be controlled using an 
actuator disposed at the proximal end of the catiieter, thus causing tissue fold F to become 
elongated. 

[0145] In FIG. 20D, tissue fold F is shown stretdied across bendable section 1 90' so that 
a sharpened needle or obturator may be extended fiona one of slots 1 86' in bendable 

10 section 190' and across all four layers of the tissue wall W. Needle 192' then may be 

extended from slot 1 86' in bendable section 190" through contact point P2 and tissue fold 
F. An andior assembly (e.&, as desmbed with respect to any of FIGS. 4-17) th«i maybe 
ejected from needle 192' to secure the fold. Altanatrvely, an obturator (e.g., as described 
with respect to FIGS. 5 A and 5B) may be used to pierce the tissue fold at contact point P2 

1 S and deliver the andior assembly. 

[0146] With refer^ce now to FIGS. 21 , an andior deliv^y system adapted for use with 
the adjustable anchor assemblies of FIGS. 7-17 is described. In FIGS. 21, the anchor 
delivery system is illustratively shown in use with anchor assembly 60 of FIGS. 7, but this 
diould in no way be construed as limiting. Also, the deliveary system of FIGS. 21 may be 
20 used in conjunction with apparatus for forming a tissue fold, such as apparatus 1 0, 175 and 
200 described previously, or alternative apparatus desonbed hereinafter, in ord^ to andior 
flie tissue fold. Altanatively, flie ddivwy system may be used for any ottie: plication, 
or in conjunction with any oflier apparatus, requiring delivery of an anchor ass^bly. 

[0147] In FIG. 21 A, a distal region of anchor delivery system 250 is disposed adjacoit 
25 tissue fold F in tissue wall W. Anchor deliv^y system 250 comprises flexible delivery 
tube 252 having lumen 253. Flexible delivery tube 252 may be configured for insertion 
through a patient's mouth and esophagus into a gastrointestinal lumen, such as the 
stomach. Lumen 253 of delivery tube 252 preferably has a diameter of less than about 
5mm, and even more preferably has a diameter of about 2-3 mm. Flexible deliv^ tube 
30 252 preferably includes a plurality of through-wall slots 254 to enhance flexibility of the 
tube, yet maintain torqueability. Slots 254 may fonn bendable section 255. Preferably, 
flexible ddivery tube 252 is made from stainless steel with an etdied or laser-cut slot 
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pattern. Hie slot pattern is preferably a sinusoidal repeating pattern of slots perpendicular 
to the longitudinal axis of the tube. Additional and/or alternative patterns will be apparent. 

[0148] Anchor delivery system 250 fiirthar conq>rises delivery needle 260. Needle 260 
preferably has a length of less than 2cm, and even more preferably has a Iragih of about 
LScrn. Needle 260 preferably comprises sharpened distal tip 262, lumra 264, slot 266 
extmding proximally fiom distal tip 262, and proximal ^det 268. 

[0149] Lumen 264 of needle 260 is dim^osioned such that a distal anchor may be 
disposed therein. As discussed previously, anchor delivery system 250 is illustratively 
desoribed in conjunction with anchor assembly 60 of FIGS. 7. In FIG. 21 A, distal anchor 
62 is disposed within lum«i 264 of needle 260. Suture 39 passes througji slot 266 of the 
needle as the suture extends fiom distal anchor 62 to proximal anchor 64. Needle 260 
preferably is disposed within lumen 253 of flexible delivery tube 252 distal of bendable 
section 255, while proximal anchor 64 preferably is disposed within delivery tube 252 
proximal of bendable section 255. 

[0150] In this arrangemoat, distal andior 62 may be deployed through needle 260 while 
the bendable section is actuated or bent, e.g., when andior delivery system 250 is used in 
conjimction with previously described plication apparatus, Proiximal anchor 64 
subsequently may be advanced through bendable section 255 after the bendable section 
has once again been straightened. The distance, or leagth, of suture 39 extending betwem 
distal andior 62, whidi is disposed distal of the bendable section, and proximal anchor 64, 
which is disposed proximal of the headablo section, is preferably greater than or equal to 
about 2cmy and is cvesi more pref^tbly greater tiian or equal to about 4an. 

[0151] Needle 260 is proximally coupled to needle pushrod 270, which facilitates 
translation of the needle beyond a distal end of flexible delivery tube 252. Needle pushrod 
270 extends to a control actuator disposed at a proximal CTid of andior delivery system 250 
(not shown). Pushrod 270 optionally may be spring-loaded (not shown), for example, to 
fedlitate puncture of tissue wall W and passage of needle 260 through tissue fold F, 

10152] Anchor deUvery system 250 furth^ conq)rises anchor pushrod 280, whidi is 
removably disposed through eyelet 268 of needle 260, and is configured to gect distal 
anchor 62 fiom lumen 264 of needle 260. As wifli needle pushrod 270, anchor pushrod 
280 extends to a control actuator disposed at a proximal end of anchor deliv^ system 250 
(not shown). The actuators controlling pushrods 270 and 280 axe preferably at least 
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partially coupled so that relative motion between the two piishrods can be limited and/or 
eliminated, as needed. Pushrod 280 passes through the proximal loop of suture formed by 
knot 69 on suture 39, such that flie suture loop is threaded between needle pushrod 270 
and andior pushrod 280. This facilitates unidirectional adjustm^t of die length of suture 
5 disposed between distal anchor 62 and proximal anchor 64, as described hereinbelow. 

(01531 In FIG. 21B, pushrods 270 and 280 are simultaneously distally advanced with 
sufficient force, e.g*, via spring-loadings such that sharpened distal tip 262 of needle 260 
pierces tissue wall W and is advanced across fold F. B^dable section 255 of flexible 
delivery tube 252 optionally may be heat during advancement of the needle, as desoibed 
10 previously with respect to tiie plication apparatus (see FIG. 3E). Andior pushrod 280 is 
then advanced distally with respect to needle pushrod 270 and needle 260, such that it 
abuts distal anchor 62 and ejects the anchor ftom hxmcn 264 of needle 260 on the distal 
side of tissue fold F, as seen in FIG. 21C. Suture 39 likewise is ejected from slot 266 and 
disposed across fold F. 

1 5 (01541 During delivery, the longitudinal axis of distal anchor 62 is substantially parallel 
to the longitudinal axis of needle 260. However, once anchor 62 has been ejected from 
needle 260, suture tension induces the andK>r to rotate approximately 90^ about its 
longitudinal axis, so that its longitudinal axis is substantially perpendicular to the 
longitudinal axis of needle 260. This rotation of distal anchor 62 prevents it from being 

20 pulled back through tissue wall W. One or both ends of anchor 62 may be flared outward 
(not shown) to facilitate such rotation xspon contact with the tissue wall. 

[01551 In FIG. 21D, anchor pudurad 280 is retracted proximally within lumen 264 of 
needle 260, the needle is retracted withhi flexibly delivery tube 252 via pushrod 270, and 
then delivay system 250 is retracted proximally across tissue fold F. Distal anchor 62 is 
25 disposed on the distal side of the tissue fold, suture 39 extends through the fold, and 

pioximal anchor 64 is diq>osed on the proximal side of the fold within delivoy tube 252. 
If bendable section 255 were flexed during dq)Ioym»t of distal andior 62 (see FIG. 3E), 
it is straightoied to facilitate delivery of die proximal anchor. 

10156] Delivery tube 252 is then retracted proximally with respect to pushrods 270 and 
30 280, causing needle 260 to exit lumen 253 of the delivery tube on the proximal side of 
tissue fold F, thereby providing space for proximal anchor 64 to exit the lum^. Next, 
ddiveiy tube 252 or the ftdl delivery systffli 250 is retracted, such tiiat proximal anchor 64 
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is ejected fiom delivery tube lumm 253, as seea in FIG. 21E. Delivay tiibe 252 is then 
re-advanced and/or pushrods 270 and 280 are simultaneously retracted, sach that needle 
260 is repositioned within lumen 253 of the delivay tube. 

[0157] Flexible delivery tube 252 is advanced with respect to needle 260, such that it 
pushes proximal andior 64 distally. The proximal suture loop formed by Icnot 69 on 
suture 39 catches against tfie proximal end of needle 260 and anchor pushrod 280, which 
pulls distal andior 62 taut against tissue fold F, as seen in FIG. 21F. Continued 
advancement of delivery tube 252 unidirectionally adjusts, i.e. shortens, length L of suture 
39 disposed b^we^ distal anchor 62 and proximal andior 64, while fordung proximal 
andu>r 64 against flie tissue fold and firmly anchoring the fold betwem the proximal and 
distal anchors. 

[0158] Once length L has been adjusted such that anchor assembly 60 firmly anchors 
tissue fold F in position, anchor pushrod 280 may be retracted proximally with respect to 
needle pushrod 270 and needle 260, such that the distal end of anchor puslirod 280 is 
proximally retracted through eyelet 268 and out of needle 260. As seen in FIG. 21G, the 
suture loop formed by knot 69 on suture 39 slips off the distal ^d of andxor pushrod 280, 
ronoving andior assmbly 60 fiom anchor delivoy system 250. Andior delivery system 
250 may then be removed fiom the patient Altonatively, needle 260, needle pushrod 270 
and andior pudirod 280 may be proximally retracted and rmioved fiom Ixsmm 253 of 
anchor delivery tube 252. An additional andior ass^bly 60 may tibien be reloaded withm 
needle 260 and delivay tube 252 fiom a proximal end of ttie deliv^ tube, while a distal 
Old oftheddivory tube rmiains within the patimt The additional andior assembly may, 
for example, be placed across an additional tissue fold. 

[0159] Delivery syst^ 250 optionally may comprise cutting apparatus (not shown) for 
removing the portion of suture extending proximally of proximal anchor 64 post- 
adjustment. Altonatively, secondary qiparatus may be provided to ronove such proximal 
length of suture. As yet another alternative, the unneeded length of suture may be left 
within the patimt post-procedure. 

[0160] In order to decrease the number of steps required to deliver and adjust anchor 
assembly 60, once distal andior 62 has been deployed, as in FIG. 21C, the entire anchor 
delivery system 250 may be retracted proximally, such that needle 260 is retracted across 
tissue fold F while still disposed outside of delivery tube lumen 253. This is in contrast to 
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the method described with respect to FIG. 21D, wherein the needle is disposed within the 
delivery tube prior to retraction across the tissue fold. Continued proximal retraction of 
anchor delivery system 250 or delivay tube 252 deploys proximal andior 64 fiom 
delivCTy tube lumen 253. Anchor assembly 60 then may be unidirectionally eidjusted, as 
S described previously. 

[0161] Anchor delivery system 250 advantageously provides a medical practitiona: with 
(Significant control during all steps of andior assembly deploymmt Such comtrol affords 
the medical practitioner ample opportunity to abort dqiloyment of the andior assotnbly. 
Upon passage of needle 260 aax>ss tissue fold F, as seen in FIG. 21B, the medical 

1 0 practitioner may dedde to retract the needle across the fold and not laundi the distal 

anchor. Alternatively, after deployment of the distal anchor 62, as seen in FIG. 2 ID, the 
medical practitioner may dedde not to deploy the proximal anchor and may sever the 
suture connecting the proximal and distal anchors. The distal anchor then would simply 
pass harmlessly through the patient's digestive system. As yet another example, the 

1 5 medical practitioner may dedde not to cinch the proximal and distal anchors post- 
deployment, thereby leaving the anchors in place without securing tissue fold F. 
Furflierstill, the medical practitioner may reverse dndung or cut the andior assanbly 
post-deploymoit, thotby reversing tissue fold formation. 

[0162] As win be sppareat to those of sidll in flie art, \)dien anchor delivery- system 250 
20 is used in conjunction with previously described apparatus 10, 175 or 200, to place an 
anchor assembly across fold F formed by said apparatus, flexible delivery tube 252 may 
dthCT comprise or be advanced flurou^ flexible tube 14, 177 or 177', of apparatus 10, 175 
or 200, respectively. Likewise, needle 260 may comprise needle 34, 92 or 92\ of 
q)paratus 10, 175 or 200, respectively. Needle 260 alternatively may comprise obturator 
25 50 of FIGS. 5. As will be apparent, componaits of andior delivery system 250 may also 
comprise or be advanced througjh comparable components of alternative tissue folding 
qiparatus described h^einafter. 

[0163] Referring now to FIGS. 22, an alternative andior delivery system is described. 
As with andior delivery system 250 of FIGS. 21, andior delivery system 300 of FIGS. 22 
30 is adapted for use with the adjustable anchor assemblies of FIGS. 7-17. In FIGS. 22, the 
anchor delivery system 300 is illustratively shown in use witii anchor assembly 60 of 
FIGS. 7, but this should in no way be construed as limiting. Also, delivery systan 300 
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may be used in conjunction with apparatus for forming a tissue fold, such as appara.tus 1 0, 
175 and 200 described previously, or alternative apparatus described hereinaft^, in. ord&c 
to anchor the tissue fold. Alternatively, the deUvery system may be used for any other 
application, or m conjunction with any other apparatus, requiring delivery of an anchor 
assembly. 

[0164] FIG. 22A illustrates a distal region of anchor ddivery system 300. System 300 
comprises flexible delivery tube 302 haiang lumen 303. Flexible delivery tube 302 may 
be configured for insertion through apad^'s mouth and esophagus into a gastrointestinal 
lumen, sudi as the stomach. Flexible deliveiy tube 302 piefa:ably includes a plurality of 
fhrou^-wall slots 304 to enhance flexibility of the tube, yet maintain torqueability. Slots 
304 may form bendable section 305, Preferably, flexible ddivery tube 302 is made ftom 
stainless steel with an etched or laser-cut slot pattern. The slot pattCTi is preferably a 
sinusoidal repeating pattem of slots perpendicular to the lon^tudinal axis of the tube. 
Additional/alternative patterns will be apparent to those of skill in the art 

[0165] Flexible delivery tube 302 further comprises aid region 306, whidi is coiapled to 
andior tube 307 having lum» ot bore 308. As best seen in FIG. 22B, lumra 308 of 
anchor tube 307 communicates witti lumen 303 of delivery tube 302 via Arougji-slot 309. 
Proximal anchor 64 is disposed within anchor tube 307, while distal anchor 62 is disposed 
within needle 260', whidi ^ts within delivery tube 302. 

[0166] Suture 39 passes out of needle 260' fix)m distal anchor 62 through slot 266'. It 
then crosses from flexible delivCTy tube 302 to andior tube 307 via through-slot 309. 
Afl:er passing diroug^ proximal anchor 64, suture 39 is passed back to delivoy tube 302 
via the throuj^-slot, and is threaded around anchor pushrod 280', such that the loop of 
suture formed by knot 69 on suture 39 is disposed betwem pushrod 280*. 

[0167] Needle 260', needle pushrod 270' and anchor needle pushrod 270' and anohor 
pushrod 280' are pushrods 270 and hereinabove with substantially the same as needle 260 
and 280, respectively, which are desoibed respect to anchor delivery system 250 of FIGS. 
21 . Furthermore, anchor assembly 60 may be delivered from and adjusted by arichior 
delivery system 300 in a manner similar to that described hereinabove with respect to 
systaca 250. 

[0168] In FIG. 22A, anchor tube 307 of andior delivery system 300 is illustratively 
shown as a relatively short tube having lum«i or bore 308 adapted for disposal of 
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proximal anchor 64 therein. However, it should be understood that anchor tube 307 
lumen 308 and/or through-slot 309 alternatively may extend all or part of the way to a 
proximal end of flexible delivery tube 302 of delivery system 300. Advantageously-, such 
an arrangement facilitates loading of andior assembly 60 fiom a proximal end of the 
anchor delivery system, e.g., for reloading of anchor deliv«y system 300 while a distal 
re^on of flie system is disposed within a patient Such an arrangement also may siioplify 
manufacturing of the syston. 

[0169] Anchor delivery system 300 illustratively has been described witii a smgle 
andior ass^bly 60 disposed theiida However, it should be understood that a plurality of 
anchor ass^blies maybe loaded wifliin dcliv^ system 300, thereby facilitating delivery 
of multiple andior assemblies across diflferemt points of a tissue fold, across difBareat (e.g., 
adjacent) tissue folds, or aCToss otha: tissue structures. The plurality of distal anchors 62 
preferably are loaded within needle 262' of flexible delivery tube 302, while the plurality 
of proximal anchors 64 preferably are loaded within lumen 308 of anchor tube 307. 

[0170] An advantage of anchor ddivery systCTi 300, as compared to system 250 of 
FIGS. 21, is that both the proximal and distal andiors are located distal of the boidable 
section of the delivery tube during ddivery. This reduces an initial length of suture Ifaat 
must be disposed betwem the anchors, tfaoeby redudng a Iraglh of unneeded suture 
extending iHX>ximally of the proximal andbox post-ddiv^ and adjustmoiL It also 
simplifies delivery by allowing both the proTunud and distal andiors to be delivered while 
die bradable section of the delivery tube is bent Additionally, placement of the pioiximal 
andior in a sq>arate anchor tube eliminates a need to eject the needle fix>m the flexible 
delivery tube on the proximal side of a tissue fold in ord^ to deploy the proximal an.chor, 
therd>y redudng a risk of accidental tissue puncture with the needle. 

[01711 With refia:»ce to FIG. 23, anotha* alternative anchor delivery system is 
described. As with andior deliv«y systems 250 and 300 of FIGS. 21 and 22, respectively, 
andior delivery syst^ 400 of FIG. 23 is adapted for use with the adjustable anchor 
assonblies of FIGS. 7-17. Andior delivery system 400 is illustratively shown in use with 
anchor assembly 60 of FIGS. 7, but this shoiild in no way be construed as limiting. Also, 
delivery system 400 may be used in conjunction with apparatus for forming a tissue fold, 
such as apparatus 10, 175 and 200 desaibed- previously, or alternative apparatus described 
hereinafter, in orda- to anchor flie tissue foldl. Alternatively, delivery system 400 may be 
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used for any other application, or in conjunction with any other apparatus, requiring 
delivery of an anchor assembly. 

[0172] FIG. 23 ilhistrates a distal region of anchor deliv^ system 400. System 400 
comprises flexible delivery tube 402 having lumen 403. Flexible delivery tube 402 may 
be configured for insertion through a patient's moutii and esophagus into a gastrointestinal 
lumen, such as the stomach. Flexible delivery tube 402 preferably includes a plurality of 
through-wall slots to enhance flexibility of the tube, yet maintain torqueability. The slots 
may form bendable section 405. 

[0173] Anchor deUvoy system 400 fiirther comprises delivery needle 260", which is 
disposed within hsm&i 403 of flexible delivery tube 402 distal of bendable section 405 
during ddivery. As discussed previously, andior delivery system 400 is illustratively 
described in conjunction with anchor assembly 60 of FIGS. 7. Needle 260" preferably has 
a lengfii sufficient for both distal anchor 62 and proximal anchor 64 of anchor asseml^ly 60 
to be disposed therein; for example, needle 260" preferably has a length of less than about 
Scm, and even more jn'ofo^ly has a length of about 3cm. Except for an increase in 
Imgth, needle 260" is substantially the same as needle 260 of FIGS. 21. 

[0174] In FIG. 23, both distal anchor 62 and proximal anchor 64 are disposed within 
lumen 264" of needle 260". Suture 39 passes throu^ and back through slot 266" of the 
needle as the suture extends from distal anchor 62 to proximal anchor 64. Alternatively 
the l«igth of suture between the proximal and distal andiors may be disposed withia the 
needle during delivery. Advantageously, both the proximal and distal anchors of anchor 
assembly 60 may be dq)loyed throuj^ needle 260" while bendable section 40S is actuated 
or bent, e.g., while anchor delivery system 400 is used in conjunction with previously 
desoibed plication ^>paratus. 

[01751 Needle 260" is pioximally coupled to flexible needle pushtube 420, which 
facilitates translation of the needle beyond a distal end of flexible delivery tube 402. As 
will be apparent to those of skfll in the art, needle 260" and needle pushtube 420 
optionally may be manufactured as a single piece. Needle pushtube 420 comprises lumen 
422, as well as skive 424 that communicates with lumen 422. Needle pushtube 420 
extends to a control actuator (not shown), which may be spring-loaded, disposed at a 
proximal end of anchor delivery system 400. 
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[01761 Anchor pushrod 280", which is substantially ttie same as anchor pushrod 280 
described previously, is removably disposed within lunxen 422 of needle pushtube 420 
distal of skive 424. As with pushtube 420, anchor puskrod 280" extends to a control 
actuator (not shown) disposed at a proximal aid of the anchor delivery system. Suture 39 

5 proximally ext^ds from proximal andior 64 through slot 266" of needle 260", through 
skive 424 and within Ivmca 422 of needle pushtube 420, around anchor pushrod 280" and 
o\it through skive 424 to knot 69. The jMroxunal loop of suture formed by knot 69 is 
tnqyped around pushrod 280" and within lumen 422 of tGhe needle pushtube, thereby 
fadlitadng unidirectional adjustment of the leogSi of so-ture disposed betwem distal 

10 ancbor 62 and px>xtmal andior 64. As an alternative to the proximal loop of sutuie, knot 
69 may be formed on the proximal end of suture 39, such that the knot is trapped between 
anchor pushtube 280" and needle pushrod 420 (see knot K of FIG. 24). 

[01771 Anchor assembly 60 may be delivered, deployed and adjusted by anchor delivery 
system 400 in a manner similar to that desmbed hereinabove with respect to system 250 

15 of FIGS. 21, with a few alterations. Specifically, during deployment of distal anchor 62, 
anchor pushrod 280" is advanced against proximal andbtor 64, which in tum advances in- 
line distal andior 62. The pushrod is advanced a sufficient distance with respect to needle 
260" to eject the distal anchor from needle lum«i 264", but not so far as to also 
prmaturely eject proximal andior 64. Motion limitation apparatus may be provided to 

20 ensure that the distal anchor is not prematurely ejected. Exemplary motion limitation 
apparatus is described hordnbelow wifli respect to FIG. 24; additional apparatus, p^ se 
known, will be apparent 

[01781 In order to eject proximal anchor 64 from lilmen 264" of needle 260", eifhcc the 
needle is retracted until l^gth L of suture 39 disposed between the proximal and distal 

25 anchors is pulled taut and pulls the proximal anchor out of the needle lumen, or andior 
pushrod 280" is advanced a suffident distance within thie Ivanca of needle 260" to eject the 
proximal anchor from the lumen (or a combination th^eof). Additionally, in order to 
release andior assembly 60 from anchor delivery systraa 400 post-delivery and 
adjustm^t, anchor pushrod 280" is retracted proximal of skive 424 such that the loop of 

30 suture 39 formed by knot 69 is no longer trapped withioL lumen 422 of needle pushrod 420. 
Upon deployment of anchor assembly 60, delivay system 400 may be removed from the 
patient Alternatively, needle 260" and needle pushiod 420, as well as anchor pushrod 
280", may be removed from the patimt, reloaded with a. new anchor assembly, and re- 
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advanced throu^ flexible delivery tube 402 for deployment of additional anchors without 
necessitating removal of delivery tube 402 from the patient 

[0179] A significant advantage of andbor ddivoy systCTi 400, as compared to systmi 
250 of FIGS. 21, is that bofli the proximal and distal andiors are disposed distal of 
bendable section 405 of flexible deliv^ tiibe 402. A sigoificant advantage of anchor 
delivery system 400, as compared to system 300 of FIGS. 22» is that both the proximal and 
distal anchors are disposed within needle 260", thereby elinunating a need for an andior 
tube and reducing a profile of tfie system. 

[0180] Referring now to FIG. 24, an alternative embodiment of anchor deliv«y system 
400 is described comprising motion limitation apparatus. Anchor delivery system 400* is 
siibstantisdly fhe same as syston 400, except fliat needle pnshtube 420* c(Hnprises two 
skives: motion limitation skive 430 and unidirectional adjustm^t skive 432, both of wMdb 
communicate with lumeo 422* of flie needle pushrod. Suture 39 proximally extmds fix>m 
proximal anchor 64, through motion limitation skive 430 and within lumen 422' between 
andior pushrod 280** and needle pushtube 420*. Suture 39 exits skive 430 and is tied off at 
motion limitation knot K, which is trapped at skive 430 by anchor pushrod 280**. Suture 
39 tiica continues proximally to unidirectional adjustment skive 432 and the proximal loop 
of suture formed by knot 69, whidi is trapped at skive 432 around pushrod 280**. 

[0181] A length of suture extending between proximal anchor 64 and knot K is specified 
such that distal anchor 62 may exit lumen 264" of needle 260**, but proximal anchor 64 
caimot exit while knot K is trapped at skive 430 by anchor pushrod 280**. For example, 
during delivery of anchor assembly 60 aax>ss a tissue fold, advancemmt of pushrod 280** 
advances proximal anchor 64, wfaidi in turn advances in-line distal anchor 62 until the 
distal anchor is ejected from needle lumen 264" on the distal side of the tissue fold. Knot 
K limits a distance anchor pushrod 280** may be advanced and ^isures that proximal 
anchor 64 is not pr^aturely deployed. 

[0182] Once anchor delivery system 400' is again disposed on the proximal side of the 
tissue fold, anchor pushrod 280** is retracted proximal of motion limitation skive 430, 
thereby allowing knot K to escape from skive 430 and facilitating deployment of proximal 
anchor 64. Proximal anchor 64 may be deployed by either retracting needle 260*' tmtil the 
length of suture between the two anchors is pulled taut and pulls the proximal anchor out 
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of the needle, or by re-advandng pushrod 280" to push the proximal anchor out of the 
needle. 

[0183] The andior assCTibly may fhea be unidirectionally adjusted via Ifae suture loop 
trapped at skive 232, as described previously. Aftor adjustmrat has been completed, 

5 andior pushrod 280" is retracted proximal of unidirectional adjustment skive 432, thereby 
allowing the loop of suture formed by knot 69 of suture 39 to escape from skive 432. As 
with andior delivery systems 250 and 400 described previously, upon deployment of the 
anchor assembly, system 400* may be rmioved from tibte patient, or may be reloaded while 
flexible tube 402 remains in the patient. A significant advantage of anchor delivoy 

10 system 400*, as compared to system 400 of FIG. 23, is ibat motion limitation skive 430 
reduces a risk of premature deployment of proximal anchor 64. 

[0184] With ref«ence to FIG. 25, yet another alternative anchor delivery systan is 
described. Anchor delivery system 500 is adapted to deliver multiple adjustable anchor 
assemblies without necessitating reloading or removal fiom a patient Delivery system 
1 5 500 may be used in coogunction with apparatus for forming a tissue fold or may be used 
for any oflier {q)plication, or in conjunction with any other apparatus, requiring delivery of 
an anchor assembly. In FIG. 25, anchor delivery sy^em 500 is illustratively loaded with 
multiple anchor assmblies 60 of FIGS. 7, but this should in no way be construed as 
limiting. 

20 [0185] FIG. 25 illustrates a distal region ofanchor delivery systMi 500. System 500 
comprises flexible delivay tube 510, flexible needle tube 520, andior pushrod 530 and 
skive rod 540. Delivery tube 510, which is substantially the same as delivery tube 402 
described previously, comprises hmea 511 and optional bendable section 512. Needle 
tube 520 comprises deliv^ needle 522, andior lumen 523 and skive bore 524. Ixaam 

25 523 extends flirougji needle tube 520 fiom its pioxhnal end to needle 522, and anchor 
pushrod 530, as well as anchor assemblies 60, is disposed witiiin the lumm. Bore 524 
preferably terminates just proximal of needle 522; skive rod 540 is disposed within the 
bore. For ease of manufiicturing, bore 524 optionally may be replaced with a lumen (not 
shown) that extends all the way to needle 522. 

30 [0186] Needle tube 520 further comprises two through-slots and two skives: first motion 
limitation through-slot 526a, first unidirectional adjustment skive 528a, second motion 
limitation through-slot 526b, and second unidirectional adjustment skive 528b. The skives 
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and tiirough-slots all coiimnimcate witti skive bore 524. Thrdugh-slots 526 fuil^ 
commiinicate with anchor lumen 523 and provide passageways between the anchor lumati 
and skive bore 524. Skives 528 further communicate with the exterior of needle tube 520 
and provide passageways between the exterior and skive bore 524. 

5 [0187] As discussed previously, anchor delivery system 500 is illustratively shown 

loaded with anchor assemblies 60. First andxor assembly 60a and second anchor assembly 
60b are disposed within andior Ixsmm 523, with assonbly 60a disposed distal of assembly 
60b. Anchor pushrod 530 is disposed proximal ofsecond assembly 60b within lumen 523. 

[0188] First suture 39a of first andior assembly 60a proximally extends within lumen 
10 523 from first distal anchor 62a to and through first proximal anchor 64a. Siiture 39a then 
extends from anchor lumen 523 to skive bore 524 via first motion limitation through-slot 
526a. Suture 39a loosely encircles skive rod 540 and is tied off to itself at first motion 
limitation knot Ki a, such that the loop of suture formed by knot Kja, is trapped about 
skive rod 540. A length of suture disposed b^e^ first proximal anchor 64a and first 
1 5 motion limitation knot Ki a, is sufiScient to allow dqiloyment of first distal anchor 62a 
from lumen 523 of needle tube 520, but is not long mough to allow deployment of first 
proximal anchor 64a from the lum^ Rath^^thelengttiof suture is pulled taut with the 
loop formed by knot Kam, abutting first fiu^ou^-slot 526a and trapped about skive rod 
540. In this manner, the suture loop formed by knot Ki a provides motion limitation vfbm 
20 disposed about skive rod 540. Skive rod 540 may be translated relative to the suture loop 
to release the loop fit)m the rod aftor deployment of first distal anchor 62a. 

[0189] From knot Ki a, first suture 39a continues proximally to first unidirectional 
adjustment skive 528a. Suture 39a then once again loosely endrcles skive rod 540 and is 
tied off to itself at first unidirectional adjustment knot Km- While disposed about skive 
25 rod 540 at first skive 528a, the loop of suture formed by knot Kib maybe used to 
unidirectionally adjust first andior assembly 60a post-deployment, as described 
hereinabove. A lengtii of suture disposed between first proximal anchor 64a and first 
unidirectimial adjustment knot Kib is sufBdent to enable dqploymrat of the andior from 
lumen 523 of anchor tube 520. 

30 [0190] Second suture 39b of second anchor assraibly 60b couples second distal anchor 
62b and second proximal anchor 64b to second motion limitation through-slot 526b and 
second unidirectional adjustmoit ^ve 528b in a manner similar to that desoibed with 
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respect to first suture 39a of first anchor assembly 60a. The loop of suture formed by 
second motion limitation knot Kja precludes premature deployment of second proximal 
anchor 64b, while the loop of suture formed by second unidirectional adjustment knot Kib 
enables adjustment of a length of suture disposed between second distal anchor 62b and 
5 second proximal anchor 64b. 

[0191] Anchor assCTiblies 60a and 60b may be delivered from, and adjusted by, anchor 
delivery system 500 in a manner similar to that described herdnabove with respect to 
system 400' of FIGS. 24, with a few alterations. Spedfically, during deployment of first 
distal anchor 62a, anchor pushrod 530 is advanced against second proximal anchor 64b, 
1 0 which in turn advances in-line second distal anchor 62b and in-line first proximal anchor 
64a. The pushrod is advanced a suflBciOTt distance with respect to needle tube 520 to eject 
first distal anchor 62a fi-om anchor lum^ 523. 

[0192] Additional advanc«nait of pushrod 530 causes the suture loop formed by first 
motion limitation knot Ku, to catch agamst first through-slot 526a, fliareby ensuring fliat 

1 5 first proximal anchor 64a is not prematurely ejected from hmien 523. When ready to 
deploy the first proximal anchor, skive rod 540 may be retracted proximal of first motion 
limitation through-slot 526a, fliereby firedi^ the loop of suture formed by knot Ku, from 
the skive rod. First proximal anchor 64a may thai be dq)loyed by fiirther distal 
advancement of the anchor pushrod against second andior assmibly 60b. The second 

20 anchor assembly advances first proximal anchor 64a out of needle 522. 

[0193] First anchor assembly 60a th^ may be unidirectionally adjusted as described 
hereinatbove, using first skive 528a, the loop of suture formed by first adjustment knot Kib 
and delivery tube 510. Once adjusted, skive rod 540 may be fiirther retracted wifliin skive 
bore 524 to a position |nx>ximal of first skive 528a, th«eby releasing first anchor ass^bly 
25 60a from anchor delivery syst«n 500. Second anchor assembly 60b may thai be deployed 
and adjusted in a similar manner using second ibrough-slot 526b, second skive 528b and 
second knots K2A ^ Ksb* 

10194J As will be apparent to those of skill in the art, although anchor delivery system 
500 illustratively has been described in a configuration suited for delivery of only two 
30 anchor assemblies, any number of andior assemblies may be accommodated, for example, 
by adding additional pairs of motion limitation througji-slots and unidirectional adjustment 
skives to needle tube 520. Additionally, spacers, for example, digestible spacers, wax 
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spacers, polymer spacers, etc., may be provided between anchors and/or between anchor 
ass^blies to reduce a risk of premature deployment of an anchor or assembly. Additional 
spacing and motion limitation techniques will be apparent. 

(01951 Referring now to FIG. 26, an alternative anbodiment of anchor delivery s)rstem 
500 is desoibed. For the purposes of illustration, flexible delivery tube 510 has be^ 
omitted ftom system 500' of FIG.26, However, it should be und^:stood fliat andior 
delivay syst^ 500* preferably comprises flexible delivery tube 510. 

[0196] Anchor deliv^ system 500' is substantially the same as system 500, except that 
first and second throu^^slots 526a' and 526b' do not communicate witfi skive bore 524. 
Rather, through-slots 526' provide openings between andior lumen 523 and the exterior of 
needle tube 520. Additionally, needle tube 520 further comprises first and second m.otion 
limitation skives 527a and 527b, which constrain the loops of suture formed by first and 
second motion limitation knots K3j, and Kia, respectively. It is expected that anchoir 
delivery system 500' will be easier to manufacture than system 500. Additionally, 
enhanced suture numagement is expected, since a substantial length of first suture 3^a and 
second suture 39b is disposed outside of needle tube 520 within Ivmsa 51 1 of ddivery 
tube 510 (see FIG. 25) during ddivery. As witti andior ddivoy system 500, delivery 
system 500' may be provided with spacers between andiors and/or anchor assemblies to 
reduce a risk of premature anchor deploymwt 

[01971 Andior delivay systems 500 and 500' of FIGS. 25 and 26, respectively, provide 
for deUv^ and deployment of multiple adjustable andior assembhes from a linear stack 
of anchors disposed within a lumen of the needle tube. FIGS, 27 illustrate a first 
embodiment of an alternative anchor delivoy syst^ wherdn the multiple anchor 
assCTdblies are delivered and deployed fix)m diambers of a radial stack or revolvo^ 
disposed about the needle tube, without necessitating reloading or removal firom the 
patient Either the revolver or the needle tube (or both) maybe rotated to align die needle 
tube vnih successive diambers of the revolver for reloading the needle tube with anclior 
assemblies fix)m the radial stack. 

[01981 hi FIGS. 27, andior delivery system 600 comprises flexible delivery tube 6 10, 
flexible needle tube 620, anchor pushrod 630 and revolver 640. Flexible deUvery tul3e 610 
comprises lum^ 612. Needle tube 620 comprises needle 622, anchor loading slot 624, 
anchor lumen 626 and plurality of adjustment skives 628. Skives 628 are disposed o'ver a 
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longitudinal length of needle tube 620 and optionally may be disposed at varying radial 
positions about needle tube 620. Anchor pushrod 630 is translatably disposed within 
anchor lumen 626 of needle tube 620 for deploym^t and adjustment of anchor assemblies 
60, and both needle 622 and anchor slot 624 communicate with lumen 626. Revolver 640, 
comprising plurality of chambers 642, preferably is coupled to, or is integral with, flexible 
delivery tube 610. Chambers 642 communicate with lumen 612 of flexible delivery tube 
610. 

[0199] ChambOT 642 prefoiibly are pre-loaded with plurality of anchor assemblies 60. 
Furthermore, lumen 626 of needle tube 620 prefaably is pre-loaded with first anchor 
assembly 60a. Sutures 39 extend proximally &om anchor ass^blies 60 to skives 628, 
where sutures 39 form knotted suture loops K that are reversibly constrained within lumm 
626 of needle tube 620 by anchor pushrod 630, in order to facilitate adjustment of the 
length of suture disposed between the proximal and distal anchors of each assembly, as 
discussed previously. 

[0200] Suture 39a of first anchor assembly 60a extmds proximally from first proximal 
anchor 64a througji andior loading slot 624 to first skive 628a, whore it forms first knotted 
suture loop Ka. In use, andior pushrod 630 may be used to deploy first anchor assonbly 
60a from lumen 626 of needle tube 620, for example, wifli distal anchor 62a disposed on 
the distal side of a tissue fold and proximal andior 64a disposed on ttie proximal side. 
After adjustment in flie manna: desoibed prefviously, andior pushrod 630 may be retracted 
proximally to a position proximal of first skive 628a, tho^eby fi:edng first knotted suture 
loop fit)m lumen 626. Proximal retraction of andior ddivery system 600 with respect to 
first andior assembly 60a completely removes suture 39a fix)m the deliv^ system, 
theaxby completing deployment of first anchor assembly 60a. 

[0201] As discussed previously, chambers 642 of revolver 640 communicate with lumen 
612 of flexible delivoy tube 610. This fedlitates loading of successive anchor assCTiblies 
60 within needle tube 620 by longitudinally and radially aligning successive loaded 
chambers 642 of revolver 640 with anchor loading slot 624 of the needle tube. Needle 
tube 620 and revolver 640 optionally may be initially aligned such that second andior 
assembly 60b disposed in chamber 642b drops through anchor loading slot 624 into lumen 
626 of anchor tube 620 upon retraction of anchor pushrod 630 proximal of anchor loading 
slot 624, e.g., while releasing first knotted suture loop Ka fix>m lumen 626. Subsequent 
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loading of anchor assembly 60c, etc^ post-deployment, -adjustment and -release of anchor 
assembly 60b, may be achieved by rotating needle tube 520 with respect to revolver 
540/deliv«y tube 510, or vice versa. 

[0202] In this manner, plurality of anchor assemblies 60 may be delivered and dq)loyed 
5 without necessitating reloading or removal of anchor delivery system 600 from the patient 
In FIGS. 27, revolver 640 illustratively is shown with tiuree loaded chambers 642. 
Howev«^, any altmiative number of diambers and andior assemblies may be provided, as 
will be apparmt to those of skill in the art Additionally, optional motion hmitation 
apparatus may be provided. Furthermore, detents, color-coding or oflier mechanisms may 
10 be provided to fedlitate proper ra(hal and lon^tudinal alignment of deUvery tube 610, 
needle tube 620 (as well as anchor loading slot 624 and skives 628 of the needle tube), 
anchor pushrod 630 and revolver 640 (as well as successive chambers 642 of the revolver) 
relative to one another. 

10203] With reference now to FIGS. 28-34, additional plication apparatus for forming 
15 tissue folds is described. FIG. 28 illustrates an alternative embodiment of apparatus 200 
of FIGS. 20. Apparatus 200' is adapted to sunultaneously or sequentially form and 
approxiinate a plurality oftissue folds F within tissue wall W. Apparatus 200" may be 
used in conjunction with any of the anchors and andhor delivery systems described 
hereinabove, as well as with any applicable alternative anchors or systems, to secure the 
20 approximated tissue folds toge&er. It is e3q)ected that approximating and securing a 
plurality of tissue folds will have substantial utility in performing a variety of medical 
treatments including, for example, gastric reduction. 

(02041 In FIGS. 28, apparatus 2W comprises a plurality of articulate-able, flexible tubes 
17r,eadiwi1hatissuegrabbingassanblyl8\ Tubes 17Tpref»ably are biased such that 

25 the tubes flare outwanl distal of sheath 650, thereby ensuring tiiat the portions of tissue 
wall W plicated to form tissue folds F are separated by an appropriate distance prior to 
approximation, and tfiat fixe tubes resilienfly return to tiieir flared position post-plication 
and release of tissue wall W. Tubes 177 preferably maybe translated relative to sheafii 
650. As seen in FIG. 28B, flexible tubes 177 articulate inward toward a longitudinal axis 

30 of ^paratus 200' in order to form and approximate tissue folds F. As will be apparent to 
those of skill in the art, a magnitude of the outward bias applied to tubes 177 may be 
specified sudi that an s^propriate initial sq)aration distance L between the tissue grasping 
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assemblies for a desired medical treatment is acMeved. Furthermore, in order to reduce a 
delivery profile of apparatus 200', flexible tubes 177 may be disposed within dieath 650 
(or another extemal sheath) during delivery. 

[0205] With reference to FIG. 29, an altraiative embodiment of apparatus 10 of FIGS. 1 
is described comprising backside stabilization. All plication apparatus described 
hereinabove comprise a distal region including a tissue grabbing assembly odapted to 
engage and stretch a portion of a tissue wall witiiin a GI lumen at a first tissue contact 
point A second tissue contact point then is established with the tissue wall at a location 
initially proTumal o^ or in line with, the first tissue contact point The tissue »gaged by 
the tissue grabbing assembly then is moved to a position proximal of the second tissue 
contact point to form a tissue fold, and an andior assembly may be delivered across the 
tissue fold, e.g. across the muscularis and serosa layers of the tissue wall. 

[0206] Apparatus 10' of FIG. 29 is a first embodiment of apparatus adapted to establish 
a third tissue contact point at anotiier location initially proximal o^ or in line with, the first 
tissue contact point; additional embodiniaits will be described hereinbelow. Upon 
movanoat of tiie tissue engaged by tiie tissue grabbing assembly to a position proximal of 
both the second and third tissue contact points, a tissue fold is formed with the second and 
third contact points on opposing sides of the fold. The second and third contact points 
provide both fit>nt and backside stabilization, respectively, of the tissue fold. Whexi 
delivering an optional anchor assembly across the tissue fold from a vidnity of tiie second 
tissue contact point, badcside stabilization at the third tissue contact point reduces 
backside tonting of tissue, thereby facilitating anchor delivery. 

[0207] In FIG. 29, ^paratus 10' of the present invention comprises torqueable catheter 
IV, which tmy be configured, for exanq>le, for insertion througjh a patient's mouth and 
esophagus into the patioit's gastrointestinal lum^ Catheter 1 1* comprises distal region 
12' havii^ first and second interconnected flexible tubes 13 and 14 extCTiding th^efiom. 
Tubes 13 and 14 are joined by hinge assembly 20, and tissue grabbing assembly 18 is 
disposed <m the distal ead of flexible tube 13. The tissue grabbing assembly is coupled to 
a control wire (not shown) fliat extends throu^ tube 13 to a proximal region of cattieter 
ir (not shown). 

[0208] Distal region 1 2' of apparatus 1 0* is substantially the same as distal region 1 2 of 
j^paratus 10 of FIGS. 1, exc^t that distal region 12' further comprises selectively 
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deployable backside stabilizer 700. Backside stabilize 700 comprises wire loop 710, 
which preferably is fabricated from a loop of shape memory material, e.g. Nitinol, coupled 
to control wire 720 that extends from wire tube 730. The proximal region of catheter 1 V 
comprises actuators (not shown) in communication with the tissue grabbing assembly 
5 control wire and control wire 720 for actoating the tissue grabbmg assembly and the 
backside stabilizer, respectively. 

[0209] Referring to FIGS. 30A-30E, a m^od of using apparatus 10' of FIG. 29 to form 
a backside stabilized tissue fold is described. In FIG. 30A, ^paratus 10' is delivered to a 
treatment site through delivay sheath 740 with wire loop 710 compressed to a reduced 
10 delivery configuration withm the delivay sheafli. In FIG. SOB, distal region 12' of 

caflieter 1 1' is advanced distal of delivay sheath 740, such that wire loop 710 expands to a 
ftee-space configuration, hi FIG. 30C, control wire 720 of backside stabilizer 700 is 
retracted proximally to retract wire loop 710 to an intermediate ready position, hi FIG. 
30D, tissue fold F is formed at tissue wall W with distal region 12*, e.g., as described 
1 5 hereinabove with respect to FIGS. 3 . 

10210] hi FIG. 30E, tension is released fiom control wure 720, and wire loop 710 
resiliently moves back towards its firee-spaoe configuration. Wire loop 710 of backside 
stabilizer 700 establishes a third tissue contact point on the backside of tissue fold F, 
thereby providing backside stabilization to the tissue fold. It is expected fliat backdde 
20 stabilization/establishmmt of an opposmg fliird tissue contact point will simplify delivwy 
of an anchor assOTibly across the tissue fold while fedlitating formation and securing of a 
seiosa-to-serosa fold. 

[02 1 11 As will be appar«it to those of skill in the art, the size, length or diamet^ of wire 
loop 710 may be adjustable to fadlitate badcside stabilization of tissue folds of variable 
25 size. Furfliamore, wire loop 710 maybe provided as a substantially stagnant loop, i.e. the 
loop may not be retractable via control wire 720. In sudi a configuration, wire loop 710 
would apply pressure to the tissue fold as it is formed, thereby facilitating formation of the 
fold in addition to providing stabilization. 

[02121 With reference now to FIGS. 31, further alternative tissue folding apparatus 
30 comprismg optional backade stabilization is described. Apparatus 800 is adapted to 
linearly rrtract tissue at tissue wall W in ord«: to form tissue fold F. The apparatus 
comprises caflietCT 810 having tissue grabbing assembly 18; such as desaibed hereinabove 
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and comprising a pair of jaws 28a, 28b having sharpened teeth 33 arranged to rotate about 
pivot point 29 between an open configuration and a closed configuration; coupled to tube 
820 having slot 822. Control wire 19 is disposed within the lumen of tube 820 and 
extends firom tissue grabbing assembly 18 to a proximal end of apparatus 800 (not shown) 
5 for actuating the tissue grabbing assembly. Tissue grabbing assembly 1 8 is configured to 
establish a first tissue contact point with tissue wall W and may be retracted proximally 
via tube 820 to faciUtate formation of tissue fold F. 

[0213] Apparatus 800 further comprises fixmtside and backside linkages 830a and 830b, 
respectively. Proxino^ regions offfae linkages are j^otably and translatablydis 

10 within slot 822 of tube 820. A distal region of fiontside linkage 830a is pivotably coupled 
to anchor delivery tube 840 for delivay of an anchor ass^bly across a tissue fold, as 
described previously, while a distal region of backside linkage 830b is pivotably coupled 
to backside stabilizer 850. Anchor delivery tube 840 and backside stabilizer 850 
preferably are biased such that they substantially align with the longitudinal axis of 

1 5 apparatus 800 when not under stress. Such alignment may be achieved, for example, by 
forming the elements from spring tube, or by providing the elemaits with resilient spines, 
e.g. Nitmol spines. Tube 840 and stabilizer 850 are configured to establish second and 
third tissue contact points, respectively, at tissue wall W, thereby providing firontside and 
backside stabilization of a tissue fold formed at (he wall, as desoibed hereinabove. 

20 [02141 RefeaTingagaintoFIGS.31,am^hodofiisingi5^paratus800tof<Mmt 
F at tissue wall W is described. In FIG. 31A, tissue grabbing assembly 18 has be«i 
advanced to a vicinity of tissue wall W witti the proximal aids of linkages 830 disposed 
near the proximal end of slot 822 in tube 820. Tissue grabbing assembly 18 is then 
actuated via retraction of control wire 19 to grab tissue and establish the first tissue contact 

25 point With tissue engaged, continued retraction of control wire 19 causes proximal 

retraction of tube 820 and assembly 18 in a substantially linear fashion relative to linkages 
830, as sera in FIG. 31B. 

[02151 As tube 820 is linearly rdracted, linkages 830 slidably translate within slot 822 
of the tube 820 until the proximal regions of the linkages contact a distal end of slot 822. 
30 As seen in FIG. 3 1 C, fiirther proximal retraction of tube 820 beyond tiiis bottoming-out 
point of slot 822 causes linkages 830 to rotatably pivot at both their proximal and distal 
regions. This, in turn, causes anchor delivery tube 840 and backside stabilizer 850 to 
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rotate inwards and form the second and third tissue contact points, respectively, thereby 
forming frontside and backside-stabilized tissue fold F. Upon re-advancement of tube 
820, anchor delivery tube 840 and backside stabilizer 850 resiliently realign with the 
longitudinal axis of apparatus 800« 

(0216] Previous plication ^aratus described hereinabove require more complex 
motion than linear retraction on the part of the tissue grabbing assembly in order to form 
tissue fold F. It is expected that reducing movement of the tissue grabbing assembly 
during tissue folding to a linear motion wfll reduce a magnitude of working space required 
at a treatmmt site to adiieve formation of the tissue fold. As will be apparent to those of 
skill in the art, as an alternative to linearly retracting tube 820 relative to linkages 830 in 
order to form tissue fold F, linkages 830 may be linearly advanced relative to tube 820. 
Also, backside linkage 830b and backside stabilizer 850 (as well as concomitant backside 
stabilization of tissue fold F) optionally may be omitted. Altematively, backside stabilizer 
850 may comprise a second anchor delivery tube, e.g., for delivery of an anchor assembly 
across tissue fold F from the backside, for passage of all or part of an anchor assembly 
from frontside andior delivery tube 840 to the backside stabilizer across the tissue fold, or 
for delivery of a multiple component andior assembly having a first compon^at 
deployable from the frontside anchor delivery tube and a second component deployable 
via the backside stabilizor. The first and second conoponents optionally may be coupled 
tog^er to form a conq)Osite anchor ass^bly. Additional configurations will be qyparent 
to those of skin in tfie art. 

[0217] Furtheamore, slot 822 optionally may be omitted fit)m tube 820, and the tube 
altematively may be provided with proximal and distal stops disposed on the exterior of, 
orformedintegral with, the tube near its distal end. In this arrangemmt, the proximal 
ends of linkages 830 would be pivotably and translatably disposed about the exterior of 
tube 820, such that the proximal and distal stops limit translation of the linkages relative to 
the tube. In both this arrangement and the arrangement of FIGS. 31, tube 820 acts as a 
linear bearing about whidi linkages 830 may travel 

[0218] With reference now to FIG. 32, an alternative embodiment of apparatus 800 of 
FIG. 31 is described. Apparatus 800* is substantially the same as apparatus 800, except 
that linkages 830 have been replaced with control wires 830', while slot 822 of tube 820 
has been replaced witii skive 822' of tube 820'. Additionally, anchor delivery tube 840' 
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and backside stabilizer 850' comprise optional pulley eyelets 860a and 860b, respectively, 
for routing of control wires 830*. Control wires 830' are proximally co\:ipled to control 
wire 19 of tissue grabbing assembly 18 within the lumen of tube 820'. Control wires 830' 
exit the lumen at skive 822' and extend distally througji optional pulley eyelets 860. 
5 Control wire 830a' is distally coupled to andior deliv^y tube 840*, while control wire 
830b' is distally coiq>led to backside stabilizer 850'. 

[0219] A lOTgtfi of control wires 830' is specified such that retraction of control wire 19 
causes actuation of tissue grabbing assanbly 18 and retraction of tube 820*, prior to 
control wires 830* being pulled taut Once control wires 83ff have been pulled taut, 
10 continued retraction of control wire 19 causes control wires 830' to reversibly rotate 

anchor delivery tube 840* and backside stabilizer 850* inward, thereby forming the second 
and third tissue contact points and forming firontside- and backside-stabilized tissue fold F 
at tissue wall W. As with apparatus 800, backside stabilizer 850' (as well as associated 
control wire 830b') of apparatus 800' optionally may be omitted. 

15 [0220] Referring to FIGS. 33 fiirfliCT alternative tissue folding fq)paratus comprising 
optional badcside stabilization is described. Apparatus 900 comprises outer tiibe 910 
having distal region 912 with rigid or resilient fiontside and badcside stabilizers 914a and 
914b, respectively. Whooi substantially rigid, stabilizcars 914 may be formed, for example, 
from a shaped stainless steel wire or rod* Wh« redli^ flie stabilizers may be formed, 

20 for example, from a wire or rod of shape memory material such as Nitinol or from a 
thinner wire or rod of stainless steel. The durometer of flie mataial used to fabricate 
stabilizers 914 may be q?ecified to achieve a desired degree of rigidity or resiliency. 

[0221] Apparatus 900 further con^jrises inner tube 920, which is coaxially and slidably 
disposed witiiin onto- tube 910. Tissue grabbing assembly 922, coi5)led to a distal re^on 

25 of irniCT tiibe 910, comprises helical coil 924 havmg sharpMied distal tip 925. Helical coil 
924 is adapted to reversibly engage tissue by reversibly screwing tiie coil into the tissue in 
a manner simflar to a wine coikscxew, and as demonstrated by arrows in FIG. 33 A. As 
will be apparent to those of skill in tiie art, as an altonative or adjunct to helical coil 924, 
tissue grabbing assembly 922 may comprise a jaw stmcture similar to that of assembly 1 8; 

30 likewise any of the previously described tissue folding apparatus optionally may comprise 
a tissue grabbing assembly having a helical^ c^^^^^^ 
per se known, will be apparent in view of this disclosure. 
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[02221 FIGS. 33 illustrate a method of forming a tissue fold with apparatus 900. In FIG. 
33 A, tissue grabbing assembly 922 is advanced distal of stabilizers 914 to engage tissue at 
tissue wall W at a first tissue contact point Helical coil 924 is screwed into the tissue, and 
inner tube 920 is then retracted relative to outer tube 910, and/or the outer tube is 
advanced relative to the inner tube, such tibat tissue ragaged by assembly 922 is pulled 
proximal of stabilizers 914, as seen in FIG. 9B. Stabilizers 914 contact the tissue at 
second and third contact points, and form fix>ntside- and backside-stabilized tissue fold F. 
When rigid, a cross-sectional width of tissue fold F may be specified by a sq>arafion 
distance betwe^ the firontside and backside stabilizo^. When resilient, tiie stabilizers 
may bow outward to facilitate formiation of the tissue fold by decreasing a pulling force 
required' by coil 924 to form the fold, as well as by reducing a risk of the coil d^adiing 
fixnn, or tearing through, the tissue during fold formation. 

[0223] As will be apparent to those of skill in flie art, one of stabilizer 914a and 
stabilizer 914b optionally may be omitted when only a second tissue contact point is 
required. Additionally, apparatus 900 may be used in conjunction with an anchor delivery 
system, such as those described previously; the anchor delivery system optionally may 
provide the third tissue contact point. Also, one or both of stabiliz^^ 914 may be 
extendable/retractable relative to distal region 912 of outer tube 910 of apparatus 900. 
likewise, the stabiliza:s may be sizable in vivo to fecilitate formation of a tissue fold of 
spedfied magnitude. 

[0224] Widi refi^mce now to FIGS. 34, anotho: embodimetit of plication apparatus 
comprising backside stabilization is descaibed. In contrast to i»:eviously desoibed 
apparatus, apparatus 950 achieves backside stabilization of a tissue fi>ld via tissue contact 
over an arcuate segment, as opposed to at discrete points or along a line. In FIGS. 34, fidl 
360^ radial contact around the fold is established; however, as will be apparent to those of 
skill in the art, contact alternatively may be established at one or more locations ov«r one 
or more arcuate segmmts of less than 360"^. 

[0225] Apparatus 950 comprises inn^ tube 960 and coaxially disposed outer tube 970. 
Icmor tube 960 comprises tissue grabbing assembly 18 coupled to a distal of the tube. 
Apparatus 950 further comprises braided mesh 980 having proximal ^d 982 coupled to a 
distal end of outer tube 970, and distal end 984 coupled to inn«r tube 960 proximal of 
tissue grabbing assembly 1 8. Braided mesh 980 preferably is fabricated from polym^ or 
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metal wires. Upon advancement of outer tube 970 relative to inner tube 960, the mesh 
may be everted, e.g. over a tissue fold, to provide frontside and backside stabilization of a 
fold via arcuate contact As will be apparent, apparatus 950 may be used in conjunction 
with an anchor delivery system to secure a stabilized tissue fold. 

5 [0226] FIGS. 34 illustrate a method of using ^aratus 950 to form a stabilized tissue 
fold. In FIG. 34A, tissue grabbing assembly 18 engages tissue wall W at a first tissue 
contact point In FIG. 34B, with tissue engaged by ass^bly 1 8, vaner tube 960 is 
i^racted relative to outer tube 970 and/or outer tube 970 is advanced relative to inner tube 
980, such that proximal end 982 is advanced distal of distal cod 984 of braided mesh 980. 

10 The braided mesh ev«ts about tissue fold F, thereby providing frontside and backside 
stabilization to the tissue fold via contact over a full 360** radial segment (braided mesh 
980 shown in section in FIG. 34B). 

[0227J FIGS. 29-34 have illustrated exemplary plication apparatus comprismg optional 
elements for backside stabilizing tissue folds formed with the apparatus. As will be 
15 apparent to those of skill in tiie art, backside stabilization elements optionally may also be 
ptovided with any other plication apparatus of tiie present invention. Furflicrmore, 
backside stabilization elements may be provided with any anchor ddivery system, e.g., in 
Older to reduce tissue tenting during deploym^t of an anchor ass^bly aoross a tissue 
fold 

20 (02281 With reference now to FIGS. 35-39, an embodiment of a shape-lockable guide 
for use with tools of the present invention is described. SlMq)e-lockable guides have been 
described previously in Applicants co-pending United States Patent Application Serial 
No. 10/173;203, filed June 13, 2002, whidi is incorporated herein by reference in its 
entirety and fix)m which the present invention claims priority. As discussed heremabove, a 

25 significant indication for use of the tissue grabbing ass^blies, plication ^aratus, andior 
delivery systems and andior assraiblies of tiie present invention is withm a patients 
gsistrointestinal ("Gr) lumra. However, the GI Ixmesx varies significantly in geometry 
and material prap^es along its length, and it is expected tiiat properiy positioning, as 
well as visualizing, endoluminal tools of the present invention at any desired location 

30 within the GI lumen will present significant challenges. Transnutting forces and torques 
to the tools ovCT substantial separation distances between a medical practitioner and the 
working ends of the tools within the GI lumen presents additional challenges. It therefore 
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would be nice to provide guide q)paratus capable of providing exposure or targeting, 
stability, and flexibility to tools of the present invention when disposed within a patient 

102291 Apparatus 1000 of FIGS, 35-39 addresses these challenges by fedUtating 
placCTient of a diagnostic instrument, such as an endoscope, e,g., a colonoscope or 

5 gastroscope; and/or a therapeutic instrument, sudi as those desoibed hereinabove; &rough 
the tortuous or unpredictably supported anatomy of a hollow body organ, such as the 
colon, esophagus and/or stomadi; while redudng a risk of dist^ing or injuring the 
organ. Apparatus 1 000 permits such instruments to be readily advanced into the patient's 
tortuous or unpredictably si5)ported anatomy by selectively shq)e-fixing an overtube 

1 0 portion of the apparatus, while also preventing tissue from being captured or pinched 
between the overtube and the instrument(s). Although apparatus 1 000 illustratively 
comprises an overtube, it shoiild be tmderstood that apparatus 1000 alternatively may 
comprise a selectively rigidizable, shape-fixing or shape-locking guide wire or inner 
conduit, over which diagnostic or therapeutic instruments may be advanced. 

15 [02301 Referring now to FIG. 35, apparatus 1000 of tihie present invention is described. 
Apparatus 1000 comprises handle 1001, overtube 10(tt, and distal region 1003 having 
atraumatic tip 1004. Handle 1001 includes lumai 1005 that extaids from Tou^y-Borst 
valve 1006 through overtube 1002, distal re^on 1003 and atraumatic tip 1004. Lumen 
1005 is configured to facilitate passage of a standard commercially available ^doscope, 

20 such as «idoscope 1 1 00 having steerable distal tip 1 1 01 (see FIG. 40), and/or a ther25)eutic 
device of the present invention, e.g. a tissue grabbing assembly, plication apparatus, an 
anchor delivery system, or an anchor assembly, therethrou^. Although apparatus 1000 
illustratively comprises a siugle lumen, multiple lumens optionally may be provided for 
passage of multiple diagnostic and/or thoapeutic instruments. Tou^y-Borst valve 1006 

25 may be actuated to releasably lock instrum«it(s) to apparatus 1 000 when the instrument(s) 
are insated within hsm&i 1005. As desoibed hereinafter, overtube 1002 is configured so 
that it can be selectively transitioned between a flexible state and a rigid, shape-fixed state 
by actuator 1007 disposed on handle 1001. 

(02311 In FIG. 36, an illustrative embodiment of ovatube 1002 comprises a multiplicity 
30 of nestable elements 1010. For pvirposes of illustration, nestable draients 1010 are shown 
spaced-apart, but it should be understood that elements 1010 are disposed so that their 
adjacent surfaces 101 1 and 1012 coact Each of nestable elanents 1010 has central bore 
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1013 to accommodate diagnostic and tiiCTapeutic instruments, and preferably three or 
more tension wire bores 101 5. When assembled as shown in FIG. 35, nestable elements 

1010 are fastened with adjacmt surfaces 101 1 and 1012 disposed in a coacting fashion by 
a plurality of tension wires 1016 that extend through trasion wire bores 1015. 

5 [0232] In a preferred onbodiment^ adjacent surfaces 1011 and 1012 of eadi nestable 
element 1010 are contoured to mate with the next adjacent elem^ so that when tension 
wires 1016 are lelaxed, surfeces 101 1 and 1012 can rotate relative to one another. Tension 
wires 1016 are fixedly connected to the distal end of ovcrtube 1002 at their distal ends and 
to a tensioning mechanism disposed wittrin handle 1001 at flieir proximal ends» When 

10 actuated by actuator 1007, tension wires 1016 impose a load that clamps adjacmt surfaces 

101 1 and 1012 of nestable elements 1010 together at the current relative orientation, 
thoreby fixing the shape of overtube 1002. 

[0233] When the load in tension wires 101 6 is released, tension wires 1016 provide for 
relative angular moveanent between nestable elements 1010. This in turn renders overtube 
15 1002 suflBciently flexible to n^otiate a tortuous path or unpredictably supported anatomy 
tibrough, for example, any re^on of a patienf s GI Inmen, sudi as the colon, esophagus 
and/or stomach. When the tensioning medhianism is actuated, however, tension w^ 
1016 are retracted proximally to apply a clamping load to the nestable clients. This load 
prevents further relative moVemMt b^eoi adjacent elemaits 1010 and stiffens overtube 
20 1 002, so that any distally directed force applied to instrum«its witihin Imnm 1005 causes 
the working ends of the instruments to advance furfliCT into the GI lumen, rather than 
cause overtube 1002 to bear against the wall of the lumen or lose its spatial orimtation 
within an unpredictably supported space. The shape-fixed overtube absorbs and 
distributes vector forces, shielding the GI lumen. 

25 [0234] Refming now to FIG. 37, an illustrative embodiment of distal region 1003 and 
atramnatic tip 1004 is described. Distal i^on 1003 conqprises flexible, kinik-redstant coil 
1021 encapsulated in flexible layer 1022. Layar 1022 preferably comprises a soft 
elastomeric and hydrophilic coated material, such as silicon or synthetic rubber, and 
extends through bores 1013 of nestable elements 1010 to form liner 1023 for lumen 1005. 

30 Layer 1022 extends to handle 1001 at the proximal wid, and at the distal end tmninates in 
enlarged section 1024 that forms atraumatic tip 1004. 
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[02351 Layer 1 022 preferably joins with or is integrally formed with flexible elastomOTC 
cover 1025 which encapsulates nestable elements 1010 in annular chamber 1026. Cover 
1025 provides a relatively smooth outer surface for ov^tube 1002, and prevents tissue 
ftom bring captured or pmdied during relative rotation of adjacent nestable elem^ts 
5 1010. 

[0236] In accordance with one aspect of ttie preset inveation, endoscope 1 100 may be 
positioned wifli its distal tip 1 101 disposed in distal region 1003, so that deflection of 
Steele distal tip 1 101 imparts an angular deflection to distal region 1003 and atraumatic 
tip 1004. To oasure that fliere is no gross relative motion between endoscope 1 100 or 
10 other instruments withm lumen 1005 and apparatus 1000, Tou^y-Borst valve 1006 is 
ti^tened to mgage apparatus 1000 to the endoscope/instruments. In this maimer, the 
instrummt(s) and distal region 1003 may be simultaneously advanced throu^ the colon, 
with the distal tip of endoscope 1 lOQ providing a stewing capability to apparatus 1000. 
Apparatus 1000 therefore may be advantageously advanced together with instrum^its 
15 dii^osed within lumen 1005 when overtube 1002 is in the flexible state, reducing relative 
motion b^een apparatus 1000 and such instruments to those instances where overtube 
1002 must be shsqpe^locked to prevCTit distoision or to maintain distal region 1003 
orientation with the GI lumen. 

[02371 Still refOTing to FIG. 37, tormmations 1027 of trasion wires are described. 
20 Termmations 1 027 illustratively conq)rise balls welded or molded onto the ends of tension 
wires 1016 tiiat OTSure tibie toosion wires cannot be pulled through t^ision wire bores 101 5 
of the distahnost nestable element 1010. This cosutes tiiat the nestable elraients cannot 
come loose when overtube 1002 is disposed within a patient 

[0238] Alternatively, tmninations 1027 may comprise knots formed in the ends of 
25 tension wires 1016, or any suitable festena: that prevents tiie tension wires firom being 
drawn through the tension wire bores of the distal-most nestable element. 
Advantageously, cover 1025 provides additional assurance tiliat all of nestable clients 
1 01 0 can be safely retrieved fram a patient's colon in ttie unlikely event of a tension wire 
failure. 

30 [02391 Referring now to FIGS. 35 and 38, tension wires 1016 within overtube 1002, 
liner 1023 and lumen 1005 extend from distal region 1003, through overtube 1002, and to 
handle 1001. Within handle 1001, each tension wire 1016 passes through wire lock 
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release 103 1 fixedly attached to handle 1001, and wire lock 1032 disposed on slide block 
1033. Each tension wire 1016 terminates at wire tension spring 1034, which maintains 
tension wires 101 6 in light tension even when overtube 1002 is in the flexible state. The 
degree of tension provided by wire tension springs 1034 is not sufficient to clamp adjacent 
5 nestable elements 1 010 togeflier, but on the other hand does not let gaps form between 
adjacent nestable elements, and helps to manage the tension wire take up or slack as 
overtube 1002 makes various bends. 

[02401 Slide blodc 1033 is keyed to slide along rail 1035 disposed between limit blocks 
1036 and 1037, and comprises a rigid blodc having a bore fluou^ which rail 1035 extends 
10 and an additional nimiber of bores as requhed for the numb«r of toision wires 1016 

employed Rack gear 1038 is fixedly coupled to slide block 1033. Rack 1038 mates with 
pinion gear 1039, which is in turn driven by bi-directional pawl 1040 coupled to actuator 
1007. Pinion gear 1039 may be selectively engaged by eiflier prong 1041 or 1042 of 
bidirectional pawl 1040, depending upon the position of selector switch 1043. 

15 10241] If prong 1041 is selected to be aigaged with pinion gear 1039, a squeezing action 
applied to actuator 1007, illustratively hand grip 1044, causes radc 1033 to move in ttie D 
direction in FIG. 38, ttiCTcby applying tension to tension wires 1016. Repeated actuation 
of hand grip 1044 causes slide blodc 1033 to move progressively fiirfha: in direction D, 
thereby applying an inoea^ng clamping load on nestable elemwts 1010. Any slack 

20 Iragflis of toision wires 1016 ©rtending below slide block 1033 are taken up by wire 
tension springs 1034. As discussed in greater detail below wiA respect to FIG. 39, wke 
locks 1032, which are afBxed to slide blodc 1033, engage and retract t«ision wires 1016 
concurrently with moveoient of slide block 1033 in the D direction, 

[02421 If prong 1042 is instead chosen by selector switch 1043 to caigage pinion gear 
25 1039, repeated actuation of hand grip 1044 causes slide blodc 1033 to translate in duection 
U, thereby relaxing flie tensile load ^lied by tension wires 1016 to nestable el^mts 
1010. Repeated actuation of hand grip 1044 causes slide blodc 1033 to advance in 
dhection U until wire lock rdeases 1 03 1 engage wire locks 1032, releasmg all tenaon 
firom tension wires 101 6 except that provided by wire tension springs 1 034. This action 
30 peraiits the clamping forces imposed on nestable elements 1010 to be progressively 
reduced and render overtube 1002 progressively move flexible, until when wire lock 
releases 1031 engage wire locks 1032, the overtube is retumed to its most flexible state. 
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10243] Referring to FIG. 39, wire lock 1032 and lock release 1031 are described in 
greater detail. Wire lock 1032 includes jaws 1045 disposed within collet 1046. Collet 
1046 includes a tapered conical bore 1047. Jaws 1045 have ramped exterior surfaces 1048 
and teefli 1049, and are biased against the surface formed by the tapered conical bore by 
springs 70. Teeth 1049 are configured to engage teaision wire 1016 und^ the bias force of 
springs 70. V/hea slide block 1033 is moved in direction D (see FIG. 38), jaws 1045 
engage and grasp t^ision wire 1016 and retract the tension wire in direction D. 

[0244] To disengage teefli 1049 ftom tenAoa wire 1016, e.g., when it is desired to allow 
overtube 1002 to retom to a flexible state^ slide block 1033 is actuated as described 
previously to move in direction U. Further actuation of slide block 1033 towards lindt 
block 1036 and wire lock release 1031 causes wire lock release 1031 to extend into 
tapored conical bore 1047 and push jaws 1045 backward against the bias of springs 70. 
Once t^ion wires 1016 are fieed fix)m jaws 1045, overtube 1002 returns to its most 
flexible state. 

[0245] In FIGS. 35-39, apparatus 1000 has hem desoibed as having a flexible state and 
rigid state. However, it should be understood that apparatus 1000 optionally may 
comprise one or more interme^ary states wheidn overtube 1002 is only partially fl«ible 
or only partially rigid. Furfliecmote^ overtube 1002 optionally may comprise one or more 
sections of varied rigidity or flexibility in dflier flie flexible or the rigid state, or both, as 
compared to one or more other sections of flie overtube. For example, at least one section 
of the overtube may remain in flie fl^dble state upon transition of the overtube to the rigid 
state. Alternatively, at least one section of the overtube may con^rise varied rigidity 
relative to a differrat section of the overtube when the ovetube is disposed in the rigid 
state. As yet another alternative, at least one section of the overtube may comprise varied 
flexibility relative to a different section of the overtube when the overtube is disposed in 
the flexible state. Additional configurations wiU be apparent to those of skill in the art 

[02461 It should be understood fliat apparatus 1000 optionally may be provided witii 
steering capabilities in addition to locking capabilities, in order to properly position 
apparatus 1000 within a GI lumei, e,g. prior to locking the overtube in a desired 
orientation. Such steering capabilities may be achieved, for example, using teisioning or 
stifiFening wires, per se known. Additional steering tediniques will be appareit to fliose of 
skill in the art 
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[0247] As an alternative, or in addition, to advancing diagnostic and/or th^peutic 
instruments throng one or more lumens of apparatus 1000, sudi instruments optionally 
may be coupled to apparatus 1000. For example, an endoscope, a tissue grabbing 
assembly, plication apparatus and/or an anchor delivery system in accordance with the 
preset invention, may be coupled to distal region 1003 of apparatus 1000, Alternatively, 
sudi instruments may be telescopically disposed and advanced from within distal region 
1003. Coupling instruments or tools to a sh25)e-lockable guide is described in more detail, 
for example* in Applicant's co-pendmg U.S. Patent Application Serial No. 10/458,060, 
filed June 9, 2003, whidi is incorporated herein by reference in its entirety and from which 
the preset invention claims priority. Additional configurations will be apparent to those 
of skill in the art 

[0248] With reference now to FIGS. 40, in conjunction with FIGS. 41 , a method of 
performing endoluminal gastric reduction is described utilizing a system of tools 
illustratively comprising commercially available gastroscope 1 100, plication apparatus 10 
of FIGS. 1-3, anchor delivery system 250 of FIGS. 21 loaded with anchor assembly 60 of 
FIGS. 7, and shape-lockable apparatus 1000 of FIGS. 35-39. Gastric reduction is a 
technique for reducing a patient's sqppetite and/or ability to ingest food by reducing a 
volume of the stomach through which food may pass. Endoluminal gastric reduction in 
accordance witti the presotit invention oitails partitioning the stomach into first and second 
chambers, and more specifically into a small lumen or pouch and a larger chamber, over at 
least a portion of ttie stomadL 

[0249] TTie lumen/pouch preferably has a volume of approTomately 10-50 <an3, and even 
more preferably a volume of approximately 15 cm3, and is positioned near and inferior to 
the pati^if s gastroesophageal junctioa Ingested food may only pass through flie small 
lumen over the partitioned portion of the stomach. The lumen preferably is formed by 
approximating opposing anterior and posterior segments of the patient's stomach wall over 
a length or arc of the wall near and inferior to the gastroesophageal junction. 

[0250] As illustrated in FIGS. 40 and 41, endoscopic gastric reduction may be achieved 
by endoscopically forming, approximating and securing a plurality of tissue folds in a first 
plane within a patient's stomach, then oidoscopically forming, approximating and securing 
at least one additional plurality of tissue folds in at least one substantially parallel plane 
within the patient's stomach. The first plurality of tissue folds and the at least one 
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additional plurality of tissue folds may be attached or detached from one another. Each 
plurality of folds preferably comprises one or more tissue folds fix)m opposing anterior and 
posterior segments of the stomach near and inferior to flie gastroesophageal junction. 

[0251] More, specifically, endoscopic gastric redu<^on may be adiievcd by advandng 
5 an overtobe through a patient's esophagus into the patient's stomach while the oveitube is 
disposed in a flexible state, then transitioning the overtobe to a rigid state in a desired 
orientation within the patient's stomach. A plication device, eiflier coupled to the overtube 
or advanced thereflirough, may then be used to form flie plurality of tissue folds, while an 
anchor delivery system may be used to approxunate and/or secure flie tissue folds, HtsscAy 
10 partitioning the patient's stomach. 

[0252] In FIGS. 40, overtobe 1002 of sh^todcable ^paratus 1000 illustratively 
comprises first and second lumens 1005a and 1005b for passage of gastroscope 1 100 and 
plication ^aratus lO/andior ddivery system 250, respectively, hi FIG. 40A, optional 
thin wall sheath 2000 is disposed within a patient's gastrointestinal lumen throng tiie 

1 5 patient's movrih, into esoiAiagus E, past the gastroesophageal junction GE, and into flie 

patients stomadi S. Shape-lodcable overtube 1002 of qjparatus 1000 is advanced flirough 
sheath 2000 mto stomadi S while disposed in flie flexible state. Sheafli 2000 provides a 
barrier between ovotube 1002 and esophagus E, which may fedUtate moreased 
maneuverability of q>paratas 1000 by protecting flie esophagus during optional torqudng, 

20 translation and/or articulation of overtube 1002. 

[0253] In FIG. 40A, gastroscope 1 100 illustratively has beai advanced flirou^ lumen 
1005a of overtube 1002 past distal region 1003 while flie ovatube is diq^osed m tiie 
flexible state. As will be ^iparent to flwse of sldll in flie art, a visualization elonoit 
altemativdy or additionally may be coupled to overtube 1002; multiple point visualization 
25 may j&dlitate comply procedures and/or enable tiiangulation for deployment of aaxhot 
assemblies across tissue folds. Furthermore, plication j?>patatos 10 and anchor delivery 
system 250 optiraially may be cotq)led to flie overtube or may be advanced ttuou^ flie 
overtobe while flie tube is disposed in the flodble state. 

[0254] In FIG. 40B, overtube 1 002 is articulated to an orientation whereby distal region 
30 1003 fadlitates oigagement of tissue near and infoior to flie patient's gasti-oesophageal 
junction GE. Sudi articulation may be achieved, for example, by achiating steerable distal 
tip 1101 of gastroscope 1 100. Altemativdy, apparatus 1000 may comprise steering 
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features. As yet another alternative, a steering tool, such as a shaped wire, maybe 
advanced through second lumen 1005b to properly orient the overtube. Furtherstill, the 
ovCTtube may comprise a pre-formed flexible shape whereby the overtube assumes an 
arcuate configuration, and a rigid wire may be reversibly disposed with second lumen 
1005b of overtube 1002 in order to straights the overtube during insertion throu^ 
esophagus E; upon positioning of distal region 1 003 of apparatus 1000 within stomach S, 
the wire may be removed from flie lumen, such that ovartube 1002 re-assumes its pre- 
formed shapes As yet another alternative, plication apparatus 10 and/or anchor delivery 
system 250 may comprise steering features and may be advanced throu^ the second 
limim to steer the ov^tube into position. 

[0255] With apparatus 1000 disposed in the desired configuration or orientation, the 
apparatus is reversibly sha^e-locked to a rigid state as described previously, such that the 
apparatus maintains its position within the stomach. Preferably, the articxilated portion of 
apparatus 1000 traverses an arc of substantially continuous radius of curvature in the 
shape-locked configuration, thereby reducing a magnitude of forces required to advance 
and retract instruments through overtube 1002. In a preferred embodiment, the arc 
traverses aj^noximately 270** and has a radius of curvature between about 5 and 10 an, 
and, evra more preferably, approximately 7-8 can. By retroflexing about 270"*, distal 
region 1003 of apparatus 1000 is directed bade towards the body of ov^tube 1002 near 
find inferior to ^istroesophageal junction GE. 

[0256] Plication apparatus 10 and anchor delivery system 250 are advanced tiuroug^ 
second lumen 1005b of ovatube 1002 distal of distal region 1003 (alternatively, the 
plication apparatus and anchor deUvery system may be coiq)led to the overtube). As seen 
in FIG. 40C, e.g. under visualization provided by gastroscope 1 100, tissue is ^gaged 
within stomach S using tissue grabbing assembly 1 8. Tissue fold F is formed, for 
example, as descaibed previously with respect to FIGS. 3. Anchor assembly 60 then is 
deployed across the tissue fold via anchor deUvery system 250 and is adjusted to secure 
the fold, for example, as described hereinabove with respect to FIGS. 21 . 

[02571 As discussed previously and seen in FIGS. 41, in order to achieve mdoluminal 
gastric reduction, opposing anterior An and posterior Po surfaces of stomach S are drawn 
together to partition the stomach into first lumen or pouch P and second larg^ chamber C. 
As seen in FIG. 41 C, in order to achieve such partitioning, a plurality of folds is formed on 
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the opposing surfaces in a first plane PI - The opposing folds are connected by suture 39 
or by other means and are approximated, for example, by reducing a length of suture 
disposed between the opposing surfaces, to partition flie stomadi as in FIG. 41B. 

[0258] Optionally, at least one additional plurality of folds may be formed on the 
5 opposing ant^or An and posterior Po surfaces in at least one additional plane that is 

substantially paralld to first plane PI . FIGS. 40D and 41C comprise optional additional 

pluralities of tissue folds in second and fliird planes P2 and P3. In effect, an ant^ior ridge 

AR of tissue folds is formed, and an opposing postmor ridge PR of tissue folds is formed. 

These additional phmilities of tissue folds may be attached to the first plurality of tissue 
10 folds, as in FIG. 41C, or may be unattached. Upon approximation of the tissue folds, for 

example, via cinching of suture 39, pouch P is formed, and endoluminal gastric reduction 

is achieved. 

[0259] The numbo: of planes in which pluralities of tissue folds are formed may be 
specified based on a preferred longitudinal sparing of anchor assemblies and/or based 
15 upon a desired length of pouch P. The desired lengtti L may be specified based on a 
desired voliune V of pouch P and a diam^er D of pouch P, according to the following 
equation: 

L = 4V/('rcD^) (1) 

For exanq)le, ovalube 1002 preferably has an onto: diameta: of approximately 1.6 cm. 
20 Thus, the diamet^ of pouch P must be at least L6 cm, so that the overtube may pass 

thiou^ the pouch. Assuming a pouch diameter of approximately 1 .6 cm, and in order to 
provide flie pouch with a volume of about 15 an3, a Imgth of poudi P should be about 
7-5 on. 

[0260] Referring agam to FIG. 40C, in order to form, secure and approximate tissue 
25 folds on opposing anterior An and posterior Po surfaces of stomach S, as well as in 
multiple planes P„ overtube 1002 preferably comprises multiple degrees of fireedom. 
Arrows in FIG. 40C describe illustrative directions in which apparatus 1000 may be 
maneuvered to re-orient or reconfigure overtube 1002. Specifically, apparatus 1000 may 
be translated relative to esophagus E and sheath 2000, as described by arrow Tr. 
30 Furthermore, apparatus 1000 may be torqued, as described by arrow To. FurfherstiU, the 
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apparatus may be articulated, as described by arrow ARt As will be apparent, additional 
or alternative degrees of freedom optionally may be provided, 

[02611 As an example, a medical pmctitioncar translating or torqueing handle 1001 of 
apparatus 1 000 from external to the psticat may achieve translation and torqueing of 
overtube 1 002. Articulation may be achieved by a number of means, sudi as steering 
features provided within ovotube 1002, e.g. a tensioning wire, or by temporarily returning 
overtube 1002 to the flexible state, actuating steerable end 1101 of gastroscope 1100 to 
articulate overtube 1002 to a desired configuration, then once again sh£5)e-locking 
ov^be 1002 to the rigid state. Combinations of torqueing, translation and articulation 
may be used to position overtube 1002 in any desired configuration. 

[0262] In FIG. 40D, by repositioning overtube 1002, re-loading anchor delivery systOTi 
250, and re-actuating plication £q>paratus 10 and anchor delivery system 250, tissue folds 
have been formed, secured and approximated on opposing surfaces in multiple planes, 
thereby forming pouch P and chamber C witiiin stomach S- Overtube 1 002 has been 
transitioaed back to the flexible state, and all instruments advanced through the overtube 
have heesx removed from ^paratus 1000. Overtube 1002 and optional sheath 2000 now 
may be removed from stomadi S and esophagus E through pouch P, thereby completing 
endoluminal gastric reductioiL 

[02631 Wifli reference now to FIGS. 42, a method of treating gastroesophageal reflux 
disease ("GERD'O using flie system of tools desmbed with respect to FIGS. 40 is 
provided. Apparatus 1000 is advanced flinm^ a patients esophagus E wifli overtube 
1002 disposed in a flexible state. Once again, opticmal sheafli 2000 may be provided 
between esophagus E and apparatus 1000. The q)paratus is then manipulated, for 
example, as described heretnabpve, into a configuration enabling access to tissue iii a 
vicinity of the patient's gastroesophageal junction GE. Overtube 1002 is then sh^- 
lockedto a rigid state, as seen in FIG. 42A. 

[0264] In FIG. 42B, plication apparatus 10 (either advanced through or coupled to 
apparatus 1000) is used to form tissue fold Fi on a first side of gastroesophageal junction 
GE, Anchor assembly 60, which is deployed and adjusted via anchor delivery system 250, 
seciffes the tissue fold. Visualization of flie procedure is achieved, for example, via 
gastroscope 1100. 
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[0265] Tissue fold Fi provides a flap that reduces reflux of add or oflier stomach 
materials into esophagus E. In patients with more serious conditions, it may be necessary 
to provide one or more additional folds around gastroesophageal junction GE. For 
example, ^paratus 1 000 may be repositioned, anchor delivery system 250 reloaded, and 

5 opposing fold F2 formed, as in FIG. 42C. After a desired pressure differential has been 
established aaross gastroesophageal junction GE, ovotube 1002 may be r^umed to the 
flexible state, and apparatus 1000, as well as any instruments advanced th«"dhrougb or 
coupled thereto, may be removed from the patient, thereby providing radoluminal 
treatmoit of gastroesophageal reflux disease. Optionally, first and second pressure sensors 

10 Fri and Pr2 may be iMX)vided along tiie length ofapparatus 1000 to measure flie pressure 
diff<a:wtial across gastroesophageal junction GE, as se«i in FIG. 42B. In use, first 
pressure sensor Fri may be positioned distal of the junction wittiin the pati^f s stomach S, 
while second pressure sensor Pr2 is disposed proximal of the junction within the patient's 
esophagus E. Additional or alternative sensors will be apparent to those of skill in the art. 

15 [0266] With reference now to FIGS. 43, an alternative method for achieving 

endoluminal gastric reduction or remodeling is described. Inamed Corporation of Santa 
Barbara, California, markets the BioEnterics® LAP-BAND® SystOTi, whidi consists of 
an inflatable silicone band that is laparoscopically placed within a patient* s abdomen. The 
band is festened around the upper stomach, giving fhe stomach an hourglass profile and 

20 creating a tiny stomach pouch fliat limits and controls an amount of food the patient can 
ingest It also creates a sniaflouflet that slows &e emptying iHX>cessin^^ 
the intestuies. Acconfing to the company's wd>site, patimts using the system experiwce 
an earlier sensation of fullness and are satisfied with smaller amounts of food, whidi 
results in weight loss. 

25 [0267] A significant drawback of the BioEnterics® LAP BAND® System is that a 
laparascopic incision must be made within the pati^fs abdomen in order to place the 
device. AppKcanf s co-pending United States Patait Application Serial No. 10/288,619, 
which is incorporated h^ein by refia^ice in its oatirety, and firom which ttie present 
^plication claims priority, describes endoluminal methods and apparatus for providing 

30 the stomach with an hourglass profile to fadlitate weight loss, thereby mitigating a need 
for l^arascopic incisions. In FIGS. 43, a system of tools of the present invmtion is used 
to endoluminally achieve such gastric reduction or remodeling via plicated tissue folds. In 
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the method of FIGS. 43, only suture is disposed on the exterior of the stomach post- 
reduction/remodeling. 

[0268] In FIG- 43 A, a plurality of tissue folds F have been formed around the 
drcumference of stomach S within an upper portion of the stomadi via a systrai of tools 

5 conq)rising plicatioa apparatus 10, a plurality of anchor ass^blies 60 intaroonnected by 
suture 39, multi-fire andior delivery system 500, shape-lockable q>paratus 1000 and 
gastroscope 1 100. In FIG. 43B, ttie interconnected andior assemblies have been cmched 
together, thereby approximating the plurality of tissue folds F, and endoluminally 
providing stomadi S with an hourglass profile. The ^stem of tools may (hen be rraaoved 

10 fiom the patient, thereby completing endoluminal reduction or rmiodeling of stomadi S. 

[0269] In FIGS. 40-42, as an altanative to using anchor delivery system 250 of FIGS, 
21, a multi-fire andior delivay system, such as andior ddivery system 500, 500' or 600 of 
FIGS. 25-27 (loaded, for example, wifli multiple anchor assmiblies 60 of FIGS. 7), may 
be used so as to omit a need to remove and reload all or a portion of the anchor delivery 
1 5 system fiom the patienfs GI \amea in order to dq)loy and secure multiple andior 

assemblies acioss one or more tissue folds. Furttiomaore, altiiough the methods of FIGS. 
40-43 have illustratively been described with reference to a system of tools comprising 
plication apparatus 1 0, anchor assembly 60, anchor delivery systan 250 (delivery system 
500 in FIG. 43), shape-lodcable fi^yparatus 1000 and gastroscope 1 100, any combination of 
20 (Uagnostic or tharapetitic tools^uttstniments in accordance with the preset invaition may 
be utilized, including, for example, altanative plication apparatus, andior assemblies, 
andior delivery systCTis and shape-lockable apparatus described previously. Fuith^rstill, 
alttiough the visualization element described in FIGS. 40-43 comprises an endoscope or 
gastroscope, it should be understood that any othar alternative or additional methods or 
25 apparatus for visualizing a medical procedure may be provided, including, but not limited 
to, magnetic resonaixoe imaging, ultrasound imaging, optical coherence tomography 
imaging, fluoroscopic imaging, and combinations thereof. Also, although the system of 
tools have illustratively bem described as advanced through shape-lockable apparatus 
1000, it should be uoderstood that any or all of tiie tools alternatively or additionally may 
30 be coupled to s^iparatus 1000, for example, to distal region 1003 of jqjparatus 1000. 

[0270] FIGS. 40-4-3 have presented mefliods of using apparatus of the present invention 
to perform endoluminal gastric reduction and treatment of GERD. Alternative methods 
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for perfoiming these medical procedures using apparatus of the present invention will be 
parent to those of skUl in the art. For example. United States Patent No. 6,540,789 to 
Silvexmann et al., -which is mcorporated herein by refisrenc^ desoibes a method for 
performing gastric reduction by injecting bulking agents into a patient's stomach at a 

5 phiraUty of locations, thereby reducing a volume of the stomach. Apparatas of the present 
invoition may be used to reduce the volume of a patients stomach by forming a plurality 
of secured tissue folds within the stranach. The tissue folds may be formed, for example, 
at a plurality of randomly selected locations. Altemativdy, apparatus of tiie present 
iavention may be iised to perfonn gastric reduction via placemait and/or azang of an 

10 implantable stoma within the stomadi. As yet anotti«:exan5)le, marking devices may be 
jffovided with {^aratus of the presoit invention in ord« to vaap out locations for 
formation of tissue folds, e.g., to achieve ^xstiic reduction. Additional m^ds will be 
{parent 

[0271] Apparatus of the presmt invention should in no way be construed as limited to 
15 treatment of GERD or morbid obesity. Rather, a variety of other medical procedures - 
both diagnostic and tiini^tic, or a combination thereof - may be performed witiiin a 
patioifs gastrointestinal Ivmea or otiiw body cavities or organs, including hollow, 
tortuous and/or unpredictably si^ported body cavities, using tools and instrum«its of the 
present invoition. These indude, but are not limited to, endosc(q>ic retrograde 
20 chotengiopanaeat»grq)hy ("ERCP"), intiibati<m of tiie bile duc^ jspp&c or loww 

gasb^intestinal oidoscopy, colonoscopy, flexible sigmmdoscopy, esophageal Matation, 
anastomosis, livo: biopsy, esophageal manometry, esophagi pH, diolecystectomy, 
oiteroscopy, resection of leaons or early cancers, tireatmmt of bleedmg sites, ttws- 
esophageal microsurgay, tirans-anal mianosurgoy, and combinations tiiereof: Additional 
25 procedures will be apparrait to those of sidll in the art 

10272] With refeaice to FIG. 44, an exaiq>lary mefliod of resecting a lesion or early 
cancer, e.g. wittiin a patient's gastiiointestinal tract, using qjparatus of die present 
invention is described. In HG. 44, system of tools 3000 comprises shape-lockable 
overtube 1000 having suction plicator 1500 coupled to its distal aid. System 3000 forther 
30 comprises endoscope 1 100 and tool delivery tube 1600 disposed within lumen 1005 of 
overtube 1000. Tool delivery tube 1600 optionally may comprise delivery tube 252 of 
anchor delivery system 250, as desoibed herranbelow witii lesped to FIG. 45, or may 
c(»iq>rise flie delivery tabe of any altanative andior delivay system described previously. 
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Furdiamore, tube 1 600 may be coupled to overtube 1000 or may advanceable relative to 
theovertube. 

[0273] Suction pUcator 1 500 comprises side aperture 1 5 1 0 to facilitate side-suction 
plication of tissue. Plicator 1 500 additionally or altmiatively may comprise one or more 
S SQ>ertures at its £stal end (not shown) to fiunlitate end-suction plication of tissue. Plicator 
1 500 and overtube 1 000 preferably are sealed along thdr lengths, sudi that suction may be 
drawn through the ovCTtube and plicator, e,g-, via a suction pimip (not shown) coupled to a 
pmximal region of overtube 1000 external to tiie patient. 

[0274] Advantageously, as compared to previously-known suction plicaticm s^paratus, 
10 shq)e-lockable overtube 1000 allows systen of tools 3000 to be positioned at a treatment 
site while ttie overtube is di^sed in a flexible state. Overtube 1000 then optionally may 
be transitioned to a rigjd state prior to drawing of suction througji plicator 1500. hi this 
manner, system 3000 may be directed to, and maintained at, a treatment site during a 
medical procedure. 

1 5 [02751 In FIG. 44, shape-lockable overtube 1 000 has been aidoscopically advanced, 
e.g., through a patient's esophagus or colon, under mdoscopic visualization provided by 
endoscope 1 100, to a vicinity of lesion or early cancer C along tissue wall W, while the 
overtube was disposed in a flexible state. Overtube 1000 alternatively may be advanced 
l^aroscopicaUy, e.g- through a trocar. The overtube preferably is then transitioned to a 

20 rigid state in a configuration eoabling access, e.g. luminal access, to the lesion or early 
canc^. 

(02761 Suction is drawn flirough overtube 1000 and suction plicator 1500 to urge tissue 
in ttie vicinity of lesion/early cancer C through side apoture 1510 and into lumen 1005 of 
overtube 1000, thereby forming tissue fold F. As can be verified by endoscopic 
25 visualization, lesion or cancer C resides on the folded tissue. The lesion, polyp, cancer, 
etc. then may be removed via cutting apparatus, such as snare or resection loop 1 700 
advanced through tool delivery tube 1600. As will be appar«at to those of skill in the art, 
alternative plication apparatus in accordance with the present invention may be used to 
resect lesion C. 

30 [0277J With reference now to FIG. 45, an exemplary method for mdoscopically treating 
a bleeding site, e.g. within a patimf s gastrointestinal tract, is described. In FIG. 45, 
system of tools 300O' is substantially the same as system 3000 of FIG. 44, except that tool 
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delivery tube 1600' illustratively comprises delivery tube 252 of anchor deliv^^ system of 
250, and resection loop 1 700 illustratively has been replaced witii anchor delivery system 
250 and anchor assembly 60 for securing tissue folds drawn through side-aperture 1510 of 
suction plicator 1 500. System 3000* has been positioned, and tissue fold F has been 
5 formed, utilizing the techniques described h^einabove with respect to FIG. 44, such that 
bleeding site B resides on folded tissue F. Anchor delivery systan 250 having needle 260 
is then actuated in the manner described previously to deploy and adjust anchor assembly 
60 and secure tissue fold F, thereby sealing and precluding additional bleeding fix>m 
bleeding site B. 

1 0 {02781 As will be apparent to those of skill in the art, alternative plication apparatus 
and/or andior delivay sj^tems in accordance with the present invention may be used to 
treat bleeding site B. Furthermore, although tool systems 3000 and 3000' of FIGS. 44 and 
45, respectively, have illxistratively been described for use in resecting lesions and/or 
treating bleeding sites, tliese systems alternatively or additionally may be used for any 

1 5 other applicable medical procedure, including, but not limited to, those described 

previously, sudi as gastric reduction and treatment of gastroesophageal reflux disease. 

[0279] Allhoug^ preferred iUustrati ve CTobodiments of the present invention are 
descr3>ed h^dnabove, it will be apparent to those skilled in Ae art that various changes 
and modifications may be made thereto without departing fiom the invention. It is 
20 intended in the appmded claims to cover all such changes and modifications that fell 
within the true spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 

1 1 . Apparatus for forming a tissue fold in a tissue wall of a patient's hollow 

2 body cavity, the apparatus comprising: 

3 a cathet^ having a flexible tube with a distal regjon configured for insertion into 

4 the cavity, 

5 a tissue engaging assembly disposed on the distal region, the tissue engaging 

6 assOTibly defining a first tissue contact point; 

7 a second tissue contact point disposed at a location initially proximal of, or in line 

8 with, the first tissue contact point; and 

9 a tissue approximation device for moving the first tissue contact point to a position 
10 proximal of the second tissue contact point to form the tissue fold. 



1 2. The apparatus ofclaiml, further comprising a fliird tissue contact 

2 point disposed at a location initially proximal oi^ or in line witfi, the first tissue contact 

3 point, wherein the tissue approximation device for moving moves the first tissue contact 

4 point to a position proximal of tiie third tissue contact point to form ttie tissue fold, so fliat 

5 the second and third tissue contact points are disposed on opposing sides of the tissue fold. 

1 3. The apparatus of clahn 3, wherdn the tissue approximation device 

2 for moving linearly displaces tiie first tissue contact point relative to the second and third 

3 tissue contact points. 

1 4. The apparatus of claim 1, further comprising an anchor deUvCTy 

2 system adq>ted to deliver and secure flie tissue fold with an andior assCTibly . 

1 5 . The apparatus of claim 4, wherein the anchor delivery system 

2 comprises a flexible deUvery catheter adapted for insertion into the cavity. 

1 6. The apparatus of claun 5, wherem the flexible delivery catheter is 

2 configured to buckle into transverse alignment with flie tissue fold. 

1 7. Hie apparatus of claim 6, wherein the andior delivery system 

2 furthca- comprises a needle configured for advancemait through tiie flexible delivery 

3 catheter and for transverse passage throu^ the tissue fold. 
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1 8. The apparatus of claim 7, whwin the anchor assembly is 

2 configured for delivery tfarougji the needle. 

1 9. The s^jparatusofclaiml, wherein the tissue OTgagingassanbl^ 

2 configured to engage mucosa, hereby defining &e first tissue contact point. 

1 10. Hie apparatus of clann 1 , wh^ein the tissue engaging assembly is 

2 configured to eng^e muscularis, ttaer^y defining the first tissue contact point. 

1 11. Tlie apparatus ofclaiml, wherein the tissue OTgaging assembly is 

2 configured to oigage serosa, thereby defining the first tissue contact point 

1 12. Ihe apparatus of claim 4, wherein the tissue fold comprises serosa- 

2 to-serosa tissue contact and the anchor assembly is adapted to secure die serosa-to-serosa 

3 tissue contact. 

1 13. The apparatus of claim 1 , further conq>rising a shape-lockable guide 

2 tube. 

1 1 4. A method of forming a tissue fold in a tissue wall of a patient's 

2 hollow body cavity, die method comprising: 

3 endoscopically ^a^g the tissue wall at a first tissue contact point; 

4 endoscopically contacting the tissue wall at a second tissue contact i)oint; and 

5 moving the first tissue contact point fix)m a position initially distal to, or in line 

6 with, die second tissue contact point to a position proximal of the second tissue contact 

7 point, therd>y forming the tissue fold. 

1 15. The method of claim 14, wherein moving the first tissue contact 

2 comprises linearly displacing the fibrst tissue contact point relative to the second tissue 

3 contact point. 

1 16. The m^od of claim 14, furth^ comprising: 

2 endoscopically contacting the tissue wall at a third tissue contact point; and 

3 moving the first tissue contact point fix)m a position initially distal to, or in line 

4 with, the third tissue contact point to a position proximal of the second and third tissue 
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5 contact points, so that the second and third tissue contact points are disposed on opposing 

6 sides of the fold. 



1 17. The meOiod of claim 14, wherein the tissue fold comprises a sea^osa- 

2 to-serosa tissue fold, the method further securing the serosa-to-s«osa tissue fold 

1 18. The method of claim 17, wherein securing the serosa-to-serosa 

2 tissue fold furttier comprises placing a needle transversely across the tissue fold. 

1 19. The method of claim 18, wherein securing the serosa-to-serosa 

2 tissue fold furtho- comprises deploying an anchor assanbly from within the needle. 

1 20. The method of claim 19, wherein placing a needle transvasdy 

2 across die tissue fold fiirth^ comprises: 

3 advancing the needle through a delivery catheter, and 

4 buckling the delivery catbeter into transverse alignment with the tissue fold. 

1 21 . The method of claim 14, further comprising forming at least one 

2 addition^ tissue fold within flie hollow body cavity. 

1 22, A system for endoscopically forming a tissue fold within a hollow 

2 body organ, coiiq>rismg: 

3 an CTdoscopic device having a proximal aid, a distal end, and an elongate laigth 

4 dierebetween; 

5 a tissue engaging medianism ads^ted to project from the distal end of the 

6 «doscopic device and engage tissue within the hollow body org^n; and 

7 an anchor delivery systenti positionable adjacent to the tissue aigagjng mechanism 

8 wiflun the hollow body organ and adapted to mdoscopically deploy an anchor assembly 

9 across the engaged tissue. 

1 23. The system of claim 22, further comprising an articulatable imaging 

2 device to project from the distal ead of the endoscopic device and articulate off-axis 

3 relative to the endoscopic device. 

1 24. The system of claim 23, wherein the imaging device comprises a 

2 g^stroscope. 
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1 25. Hie systCTi of daim 23, wherein the imaging device is further 

2 adapted to enable visual triangulation when articulated off-axis. 

1 26. The system ofclaim 22, wherein the laigfh of the endoscopic 

2 device is comprised of a shape-lockable tubular m«nbOT adapted to lock a configuration 

3 within the hollow body organ. 

1 27. The system of claim 22, wh^ein the endoscopic device defines a 

2 plurality of working lumens therettm>ugh. 

1 28. The system of claim 22, wheidn the tissue engaging mechanism 

2 comprises a tissue graspor. 

1 29. The system of claim 22, wh^em the tissue enga^g mechanism is 

2 adapted to engage the tissue and manipulate the tissue proximally relative to the 

3 endoscopic device. 

1 30. The syston of claim 22, wherein the anchor delivery systrai 

2 comprises a flexible delivery tube. 

1 31. The system of claim 30, wherein a portion of the flexible delivery 

2 tube is adapted to reconfigure into transverse alignment with the oigaged tissue. 

1 32. The system of claim 30, wherein the andior delivery systan fiirth^ 

2 comprises a needle adapted to be advanced through the flexible delivery tube and for 

3 transvme passage through the engaged tissue. 

1 33. The system ofclaim 32, wherdn the andior ddivoy system is 

2 adapted for deUv^ tiirough the needle. 

1 34. A method for performing a medical procedure within a hollow body 

2 organ of tortuous or unpredictably supported anatomy, the method comprising: 

3 advancing an overtube within the hollow body organ in a flexible state; 

4 transitioning the overtube to a rigid state in any desired configuration; 

5 advancing a plication device through the overtube; and 

6 forming a tissue fold witiiin the hollow body organ witii the plication device. 
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1 35. The method of clam 34, further comprising visualizing formation 

2 of the tissue fold. 

1 36. The method of claim 3 5 , wherein visualizing formation of the tissue 

2 fold further comprises visualizing formation with a visualization element advanced 

3 through the ovotube. 

1 37, The method of claim 35, wherein visualizing formation of the tissue 

2 fold further comprises visualizing formation with a visualization element coupled to the 

3 overtube. 

1 38. The mrthod of claim 34, wherein the medical procedure comprises 



2 endoscopically treating gastroesophageal reflux disease, ad^s^cing the overtube wthin a 

3 hollow body organ comprises advancing the overtube through a patieat's esophagus and 

4 into the patient's stomach, transitioning the overtube to a rigid state comprises 

5 transitioning the overtube to a rigid state in a configuration enabling access to the patient's 

6 gastroesophageal junction, and forming a tissue fold comprises forming at least one tissue 

7 fold in a vicinity of the pati^it's gastroesophageal junction. 

1 39. The mefliodofclaim 34, wherein the medicd procedure comprises 

2 aidoscopically performing gastric reduction, advancing the overtube within a hollow body 

3 organ comprises advandng an ovatube through a patient's esophagus and into flie patientfs 

4 stomach, transitioning the overtube to a rigid state comprises transitioning tiie overtube to 

5 a rigid state in a desired configuration within the patient's stomach, and forming a tissue 

6 fold comprises forming a plurality of tissue folds within the patient's stomadi. 



1 40. The method of claim 39, fiirther comprising approximating and 

2 securing ttie plurality of tissue folds, th^eby partitioning the patient's stomadi into at least 

3 first and second chambers over at least a portion of the stomach. 

1 41. The method ofclaim 39, wheremfonnuig, approximating and 

2 securing a plurality of tissue folds further comprises: 

3 forming, approximating and securing a first plurahty of tissue folds m a first plane; 

4 and 
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5 fonning, approximating and securing at least one additional plurality of tissue folds 

6 in at least one additional plane, 

7 wh^ein the first plane and the at least one additional plane are substantially 

8 parallel to one another. 

1 42. The method of claim 40, wherein partitioning the stomach into first 

2 and seccmd chambers further comprises partitioning the stomach into a first lumen and a 

3 second chamber. 

1 43. The method of daim 42, wh^iein partitioning the stomach into a 

2 first lumen and a second chamber fimfaer comprises partitioning the stomach such that tiie 

3 pati»t's gastroesophageal junction only cotxmiunicates with the first Ixmien. 

1 44. The method of claim 43, wherein partitioning the stomach into a 

2 first lumen conqprises partitioning the stomach into a first lumen having a volume in the 

3 range of 10-50 cm^ 

1 45. The method of claim 39, wherein forming a plurality of tissue folds 

2 fiuther comprises fi>rming a plurality of tissue folds inf^or to the patient's 

3 gastroesophageal junction. 

1 46. Hie method of claim 45, wherein forming a plurality of tiissue folds 

2 fiirtha: comprises forming a plurality of tissue folds having at least one tissue fold fiom an 

3 anterior segment of the patimt's stomadi and at least one tissue fold Scorn an opposing 

4 posterior segmmt of the pati^t's stomach. 

1 47. The method of claim 39, wherein fonning a plurality of tissue folds 

2 within a patirat's stomach comprises fonning and securing a plurality of tissue folds 

3 disposed at substantially randomly selected locations to reduce a volume of the stomach. 

1 48. The method of claim 39, wherein forming a plurality of tissue folds 

2 within a patient's stomach comprises forming a plurality of int^xx>nnected tissue folds 

3 around a perimeter of the patient's stomach with instruments advanced throu^ or 

4 coiq)led to, the overtube, the method further comprising approximating tiie plurality of 

5 interconnected tissue folds to remodel the stomach to an hourglass profile. 
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1 49. The method of claim 34, i^erein the medical procedure comprises 

2 resecting a lesion or cancer within a patient's gastrointestinal tract, advancing the overtube 

3 withm a hollow body organ comiMises advancing the overtube throng the patimt's 

4 esophagus or colon, transitioning the ov^be to a rigid state comprises transitioning the 

5 overtube to a rigid state in a configuration enabling access to tiie lesion or cancer, and 

6 forming a tissue fold comprises forming at least one tissue fold vdHi a plication device 

7 advanced through, or coupled to, the overtube, so that the lesion or canco: is disposed on 

8 the tissue fold. 



1 SO. The m^odofclaim 49, furthexconq>rising removing the lesion or 

2 cancer. 

1 51. The method of claim 50, wherein removing the lesioa or cancct 

2 furtha- comprises removing the lesion or cancer with outting apparatus. 

1 52. The method of claim 5 1 , wherein removing the lesion or cancer 

2 with cutting apparatus further comprises removing the lesion or cancer with a snare. 

1 53 . The method of claim 34, wherein the medical procedure comprises 



2 endoscopically treating a bleeding site within a patient's ^trointestinal tract, advancing 

3 the ovatiibe within a hollow body organ comprises advancing the overtube through the 

4 patient's esophagus or colon, transitioning the overtube to a rigid state comprises 

5 transitioning the overtube to a rigid state in a configuration cabling access to the bleeding 

6 site, and forming a tissue fold comprises forming at least one tissue fold with a plication 

7 device advanced througjii, or coupled to, the overtube, so that the bleeding site is disposed 

8 on the tissue fold. 



1 54. The mdhod of claim 53, further comprising securing the tissue fold, 

2 tha:d>y reducing bleeding fi-om the bleeding site. 

1 55. The mdhod ofclaim 54, wherein secxiring the tissue fold furtiier 

2 comprises securing the tissue fold with an andior assembly. 
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